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PREFACE 



The purpose of this volume is to treat alternating-current 
generators, synchronous motors, and rotary converters. 
It contains what the author believes will be of most service 
to the student who is just entering upon his experience as 
a designer. 

A more comprehensive study of the principles and 
phenomena underlying the calculations should be made by 
means of lectures, recitations, through the medimn of 
references, etc. 

Good electrical apparatus cannot be designed by any 
set of rules, and it must be recognized that it is not, in 
general, feasible to develop a finished commercial designer in 
a college course. However, there are certain fundamental 
scientific principles which can be laid down definitely and 
taught with precision. The student should bear in mind 
that while there is much in this volume that is of practical 
value, the main object is to present as clearly and briefly 
as possible the fundamental principles on which the de- 
signer necessarily rests. He should also bear in mind that 
he cannot expect to get any more than a training that will 
be of value and assistance to him, if at any time in his later 
experience he should decide to become a designer. 



VI PREFACE 

An electrical designer must also be a mechanical de- 
signer. This point is very often overlooked by the beginner. 
It is possible to devise some very wonderful designs from 
an electrical standpoint, but which when the mechanical 
features are considered are absolutely impractical. 

Direct-current dynamos and alternating-current trans- 
formers were considered in the preceding volumes. Alter- 
nating-current generators and synchronous motors are, of 
course, practically one and the same problem from the 
standpoint of design. Only these points wherein a rotary 
is essentially different from either the synchronous motor 
or a du-ect-current generator are considered. 

Special attention has been given to the arrangement of 
the work with regard to the order of the process of carrying 
out the calculations. 

The author has drawn very largely upon information 
obtained from the manufacturing companies. He desires 
to acknowledge his indebtedness to the above companies, 
and to express his appreciation of their courtesy for per- 
mission for use of illustrative cuts, drawings, etc. Also 
to many others whose valuable suggestions have been 
utiUzed in preparing this work. 

William T. Ryan. 

University of Minnesota, 
Minneapolis, Minn., 
September, 1912. 
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VOLUME III.— ALTERNATORS, SYNCHRONOUS MOTORS, 

ROTARY CONVERTERS 



CHAPTER I 



TYPES OF ALTERNATING CURRENT GENERATORS AND THEIR 

CHARACTERISTICS 

A NUMBER of types of alternating current generators 
have been designed and constructed, but, as in many other 
lines of apparatus, there has been a gradual elimination 
and standardization, until at present nearly every alter- 
nating current generator is of the revolving field type. 
Alternating current generators, like direct current dynamos, 
have field poles and an armature; but the conunutator is 
replaced by slip rings, which either receive direct current 
for exciting the rotating field or deliver alternating current 
to brushes rubbing on them when the armature rotates. 
The 3;bsence of a conunutator eliminates many of the prob- 
lems met with in the design of a direct current machine; 
however, the questions of regulation, wave form, armature 
inductance, etc., present problems which are equally as 
formidable. 
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Alternating current generators are usually classified as 
follows : 

(1) Revolving field type. 

(2) Revolving armature type. 

(3) Inductor type. 

A classification might also be made upon the current 
generated, as, single-phase, two-phase, three-phase, six- 
phase, etc. Any one of the three types may, of course, be 
either single-phase or polyphase. The number of phases 
does not affect the design as much as might at first be 
supposed, except in the calculation of the space required 
for armature conductors, heating effects, regulation, and 
armature reaction, as will be seen later. 

Still another classification and a much better one for 
the purpose of design is as follows: 

(1) Bracket type. 

(2) Two-bearing pedestal type. 

(3) Three-bearing pedestal type. 

(4) Water-wheel type. 

(5) Engine type. 

(6) Turbine type. 

Figs. 1 to 12 illustrate these different types. In case 
of engine-type generators, the manufacturer is usually 
required to furnish only the stator and rotor, the extra 
bearing pedestal, etc., being supplied by the manufacturer 
of the engine. Alternating-current generators are usually 
rated in kilo-volt amperes, (K.V.A.), instead of iu kilo- 
watts. Very often the same machine has two ratings. 
For example, the armature and field of a certain 100 
K.V.A. machine is guaranteed not to increase in tempera- 
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ture more than 30° C. This same machine is rated 
at 120 K.V.A. and the ultimate temperature rise of 
the armature and field coils is given as 40° C. If the load 
is 125 K.V.A. the two-hour limit is given as 45° C. The 
25 per cent overload ultimate temperature rise on the 40° 
C. machine is specified as 55° C. The momentary overload 
which a machine will take care of is specified at from 150 




Fig. 1. — Bracket Type Alternating-current Generator (Electric Machinery 
Co,), 

per cent to 200 per cent of normal load. The guaranteed 
regulation of the 30° C. machine referred to above was 6 
per cent on normal load (100 K.V.A.) unity power factor 
and of the 40° C. machine, 8 per cent (120 K.V.A.). Small 
machines have poorer inherent regulation than large ma- 
chines. Eight to 10 per cent is very good for a 25 K.V.A. 
machine running at say 1200 r.p.m. Five to 6 per cent 
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regulation would be expected for a 200 K.V.A. alternator 
running at say 600 r.p.m. Large slow-speed machines should 
give still better results. Sometimes machines are purposely 
designed with a rather poor inherent regulation and then 
used in connection with the Tirrill or some other voltage 




Pig. 2. — Bracket-type Aitwnalor (Westin^ouse Co.), 



regulator. Ordinarily an alternator is designed for an. 
ultimate temperature rise of 40° C. The A.LB.E. stand- 
ardization rules are: 

"General. The temperature of electrical machinery 
under regular service copditions ^ould never be allowed 
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to remain at a point at which permanent deterioration of 
its insulating material takes place. 

"In commutating machines, rectifying machines, pul- 
sating-cmrent generators, synchronous machines, synchron- 
ous commutatii^ machines, and unipolar machines, the 




Fig. 3. — Two-bearing Pedestal-type Alternator (Electric Machinery Co.). 

temperature rise in the parts specified should not exceed 
the following: 

"Field and armature, 50° C. 

"Collector rings, 65° C. 

"Bearings and other parts of the machine, by ther- 
mometer, 40° C. 
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"Large Apparalvs. Large generators, motors, trans- 
formers or other apparatus in which reliability and reserve 
overioad capacity are important, are frequently specified 
not to rise in temperature more than 40° C. under rated 
load, and 55° C. at 25 per cent rated overload. 

"?^omuil Conditions. Overload guarantees should refer 
to normal conditions o£ operation regarding speed, £re- 




1, 4, — Two^KAring Pedestal Grnierator with Direct-oonnected 
2Qfl H.V.A., 600 H.P.M. (Wrartinghotwe). 



quency, voltage, etc., and to non-inductive conditaoDS in. 
alternating-current apparatus, except where a phase dis- 
placement ie inherent in the apparatus. 

"Overload Capacities Recomtnended. The following over- 
load capacities are recommended: 

"a. Generators. Direct-current generators and alter- 
nating-current generators 25 per cent for 2 hours. 
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"6. Motors. Direct-current motors, induction motors, 
and synchronous motors, not including railway and other 
motors intended for Intennittent service, 25 per cent for 
2 hours, and 50 per cent for 1 minute. (The additional 
temperature rise at 25 per cent overload not to exceed 15° 
C. above those specified for rated loads.) The values 40° 
C. for the annatxu-e and field coils and 55° C. at 25 per 
cent overload are recommended for most purposes." 




FiQ. 6, — ^Three-bearing Pedestal Type (Electric Mactiinery Co.). 

Effective E.M.F. Generated. It will be assumed that 
the flux density around the armature varies from point to 
point in accordance with the sine law. If the conductors 
of a coil side are concentrated in a single narrow slot the 
effective E.M.F. is given by the equation 
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Fig. 7.— a fiOOO-K.V.A., 6000-volt., 3-phase. Water-wheel Generator (Weat- 
inghouae). 
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'e (J) = maxwells of flux per pole; 
/ = frequency in cycles per second; 
Z = number of inductors in series, usually is the 

number per phase; 
a=nuinber of armature circuits per phase. 




' FiQ. 8.— Slow-gieed Engjne-type Alternator (Electric Machinery Co.). 



If the coil side is distributed between two or more slots 
the E.M.F. will be reduced. The E.M.F. for the wires in as 
many slots as there are poles may be calculated by formula 
(1), and can then be compounded by the parallelogram 
method, taking into consideration the phase difference due 
to the displacement of the slots. 

Suppose, for example,, that the coil side is placed in two 
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slots, and that the distance between the two slots is equal 
to one-third of the pole pitch. (See Fig. 13.) 

The whole winding may be considered as made up of 
two parts and the E.M.F. in each part would be given by 
Eq. (1). When we compoxmd two equal electromotive 




Fig. 6.— Stfltor of 200-K.V.A., 225-R.P.M. Engine-type Alternator (Elec- 
tric Machinery Co.)- 



which is equal to VS or 1.73 times either component. 

Therefore for two slots per pole per phase, where the 
distance between the slots is 60° the value 2.22 becomes 
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Fig. 10.— Stator Turbine-type Alternator (Westinghouse). 

3 




Fio. 11. — Stator Turbine-type Alternator (Westinghouse). 
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2.22-^/3 divided by 2 or 1.92, and the equation for the 
effective E.M.F. would be 



(2) 



E^ 



108a ' 



where, <[),/, Zandc have the same significance as in Eq. (1). 

We will next consider the case of a distributed winding, 

that is, where there are so many equally spaced slots that 

the winding is practically equivalent to one in which the 



Fig. 12.^Rotor Turbine-type Alternator (Wcstinghouse). 

wires He side by side upon the surface of the annature. 
Let each coil side occupy - of the space between two adja- 
cent poles. (See Fig. 14.) 

If the wires were all simultaneously under the center 
of a pole the E.M.F. would be given by the equation 

2.22^/Z 

Assuming that the E.M.F. of each wire varies sinusoid- 
ally, reaching its maxunum value under the middle of a 
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po!e, it will be reduced from this maximum value to a value 
which may be represented by 



hi 



+ia 



COS ada = 



ha 



sin^a 

2* 



The effective E.M.F. will then be 



(3) 
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Fig. 13. 



If we have one narrow slot per pole per phase then a 
is a very small angle, and since for very small angles the 
sine of the angle, is practically equal to the angle itself in 

X measure the quantity ^ ^ would be equal to imity, 

and we obtain from Eq. (3), Eq. (1). 



14 



DESlliN OF ELECTRICAL MACHINERY 



For a three-phase distributed winding where each coil- 
side has a width equal to one-third the pole pitch 



sin Jot =sm 30° =0.5, 



sin -^a 



0.5 

r 

6 



= .955. 



(4) 



(2.22) (.955) {(»(/)(Z) 2.12<!)/Z 



£„ = -^------:-: 



10»o 



10»a 



L 



fSViV^ 






J 




Fio. 14. 

If we had a single-phase winding uniformly distributed 
over the armature surface then, 



sin ha sin 90' 



2* 



2 



2 



= — .636. 



(5) 



Ea = 



(2.22)(.636)(<t.)(/)(Z) 1.4H/Z 



lO^o 



1080 
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A general statement of the equation for the effective 
E.M.F. would be as follows: 



(6) 
where, 



E.= 



K = 



108a ' 
2.'22sin|a 

2^ 




Fig. 15. — Single-phase Open-winding, One Slot per Pole. 

The value of K will vary from 1.41 for a imiformly dis- 
tributed single-phase winding, to 2.22 for a concentrated 
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winding. K should be determined for the particular case 
under consideration and then substituted in the general 
equation for effective E.M.F. 

The various types of alternator armature windings 
may be divided into open-type windings and closed-type 
windings. Fig. 15 shows a single-phase open winding 
with one slot per pole. 

The most famihar type of closed winding is foimd in 
the rotary converter. This is simply an ordinary D.C. 




Fig. 16. 



generator with taps taken from certain points on the arma- 
ture winding. If single phase and bipolar, we would 
tap two diametrically opposite points on the armature 
winding, as indicated in Fig. 16. 

If the machine is multipolar and is lap wound, the con- 
nections to the shp rings would be joined to all the equi- 
potential points on the winding, so that each sUp ring 
would have as many connections as there are pau-s of poles, 

a 
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The eflfective alternating E.M.F. is equal to .707 times, 
the direct E.M.F. 

The connections to the slip rings for a three-phase 
bipolar rotary converter are shown in Fig. 17. The alter- 
nating E.M.F. is 0.61 times the direct E.M.F. 

For a four-phase machine, the alternating E.M.F. would 
be 0.50 times the direct E.M.F. and for a six-phase machine,, 
the ratio would be 0.353. 




Fig. 17. 

A four-pole three-phase rotary would have two con- 
nections to each shp ring if it were provided with a lap 
winding, three if it had six poles, etc., and there would be 
as many armature circuits per phase as there are pairs of 
poles. 

Fig. 18 illustrates a two-phase open-type winding for 
an 8-pole machine with one slot per pole per phase. 

Fig. 19 illustrates a three-phase open-type winding for 
an 8-pole machine with one slot per pole per phase. The 
three electromotive forces are 120 electrical degrees apart. 
It should be considered as three separate single-phase 
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windingB and then the three windings may be connected 
in either star or delta. If they are connected in star, the 
E.M.F. between the sUp rings will be V3 = 1.73 times the 
E.M.F. induced in one of the three separate single-phase 




Fig. 18. — ^Two-phase Open-tjrpe Winding. 

windings. If connected in delta, the E.M.F. will be equal 
to that which would be produced by one of the three wind- ' 
ings, but the current in each of the three leads coming from 
the armature will be V3 = 1.73 times the current in each 
one of the three windings. 
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The ratio of pole face to pole pitch varies with different 
designers. The larger the percentage of pole face to pole 
pitch the greater the magnetic leakage. It is usually con- 




■Three-phaae Open-type Winding. 



sidered good practice to keep the percentage of the armature 

covered by the poles down to between 60 and 65 per cent. 

The nmnber of slots per pole for two- and three-phase 

machines must be divisible by the number of phases, and 
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when the same stampmgs are to be used for both two- 
and three-phase machmes must be divisible by six. 

According to Rushmore (Trans. A.I.E.E., Vol. XXI) 
most engine-type alternators are built with six or twelve 
slots per pole, twelve slots per pole being used where the 
kilowatts output per pole are high, and it is not desirable 
to increase the length of the armature to the amoimt neces- 
sary for six slots. Nearly all engine-driven alternators 
have six slots per pole. Many three-phase alternators, 
however, are designed with nine slots per pole or three 
per pole per phase. 

E.M.F. Diagrams. If the coeJ0Bcient of self induction 
of an alternator armature were constant at all loads, no 
matter what the power factor or excitation were, the vector 
diagram would be as follows: 



wyAi<,y/y/^. 



<-^ 



yyy^yyyyyyyyy ^/^//x>y.^^.^>^.^ggg;g{^!!>gv. 



j 




Iji^rJ Pliase o£ Current ^ 



Fig. 24. 



The E.M.F. Ea which is induced in the armature is the 
hypothenuse of a right-angled triangle one side of which 
is equal to the sum of the internal and external ohmic 
drops, and the other to the total inductive pressure drop, 
both internal and external. 
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The angle <t)i is the angle by which the current lags 
behind the induced E.M.F. Where the angle <l)i=0, the 
current would be a maximum when the center of the pole 
coincided with the center of a coil side. The angle <t)i 
means then that the center of the pole has gotten by the 
center of a coil-side by this angle, before the current reached 
its maximum value. 

When an alternator is working imder load, the factors 
affecting the voltage drop are (1) armature resistance, 
(2) armature reactance, and (3) demagnetization or magnet- 
ization of the armature ampere turns, depending on the 
power factor. 

We will now construct the E.M.F. diagram as follows: 




Ix ^x 



Phase of Current 



Fig. 25. 



Ea = E.M.F. which would be induced were there no arma- 
ture resistance, reactance, or magnetization; 

Ea= actual E.M.F. induced; 

El represents the effect of the armature ampere turns 
on the flux; 

E2 represents the leakage or armature reactance drop. 

The electromotive forces Ea and Ei are, of course 
imaginary, as is also the flux ^a and <|>i. The ampere turns 
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IfNf and /iJVi, however, are real quantities, and act on a 
common magnetic circuit in such a way that their resultant 
produces the actual flux <[)«. 

According to Thomalen. for single-phase machine the 
armature reaction in ampere turns per pair of poles is : 

(7) ^'^'=^^' 

where IiNi =nimiber of ampere turns per pair of poles; 
Z = number of wires in series on the armature ; 
p = number poles; 
la = effective value of the armaturie current. 

In the above formula it has been assumed that the 
coil-side is imder a pole all the time. If the percentage of 
the armature surface covered by the pole shoes is 66f per 
cent, then according to Kapp, 

(8) hNr 2^, 

and if 50 per cent of the armature surface is covered by the 
poles, then, 

O.SIaZ 



(9) hNi = 



2p 



For values in between 50 and 66f per cent it is sufficiently 
accurate to interpolate. 

For a three-phase machine in which the polar arc is 
two-thirds of the pole pitch the armature reaction is given 
as: 

(10) ^^^^=-2^' 
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wheane Z =niiinber of wires in series per phase, and /a, Ii, Ni^ 

and p have the same significance as before. 
IiNi = armature reaction in ampere turns per phase per 
pair of poles. 

The effect of armature reaction is to cross magnetize 
as long as ^a and I a are in phase. If the current lags 90 
degrees behind the E.M.F. then the armature reaction would 
be directly opposed to the field magnets. If the current 
leads the E.M.F. then this demagnetizing effect becomes 
negative, and the E.M.F. may rise instead of falling off with 
the load. 

Synchronizing Power, If two or more alternators are 
working in parallel, they must of course run in synchron- 
ism. The mechanical engineer is often puzzled when he 
observes the fact that the connecting rods of two engmes 
driving alternators in parallel will remain in step perfectly 
hour after hour. The mutual influence which the generators 
exert on one another, tending to maintain synchronism,, 
is known as their synchronizing power. 

It is assxmied in the following that the bus-bar E.M.F., 
Ex, is not affected by the machine we have under con- 
sideration. 

In Fig. 26 Ea is the induced E.M.F. in the machine under 
consideration. Ex is the bus-bar voltage, laRa and oiLala 
are the ohmic and inductive drops respectively in the arma- 
ture under certain conditions of load. 

Fig. 27 is the same except that it is drawn for a larger 
load, therefore for more current. The values Ea and Ex 
are the same in both figures. In Fig. 27 0' is used as a 
center and an arc struck with Ea. O'B' is made equal 
to rjta and B'O equal to tiiLJ^a- 
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Then with as a center and Ex as a radius an arc is 
struck intersecting the arc struck from 0' with Ea at C. 
Then CB is made equal to O'B' and BD equal to.jB'O and 
Ea drawn from D to 0, thus completing the diagram. . 

Fig. 26 and Fig. 27 differ in one very important point, 
namely — the angle a between Ea and Ex has increased, 
A study^of Figs. 26 and 27 indicate to us at once that as 
the load is increased, there is an increase in the angle 



laRa 




toLo^a 




/ iiyLalo 



O'laRa^' 



■a 



Fig. 26. 



Fig. 27. 



between Ea and £x, or vice versa. Therefore if the engine 
driving the alternator tends to increase in speed, it is auto- 
matically given a heavier load, and if it tends to decrease 
in speed, it is given a smaller load, hence is kept in syn- 
chronism with the other engines by this syncTironizing 
power of the armature. It is further seen that the machine 
has its greatest synchronizing power when the inductive 
reactance of the armature is equal to its resistance; also 
that its synchronizing power disappears when the armature 
inductance is zero. 
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Fig. 29. — Vertical-type Water-wheel Generator (Electric Machinery Co.). 
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1, FiG. 30.— 260-K.V.A., 4000-volt, Three-phase, 60-cycle GenMator Urivrai by 
Gas Engine (Westinghouse), 



CHAPTER II 

METHOD OF DESIGNING ALTERNATORS AND SYNCHRONOUS 

MOTORS 

Given the output, voltage, number of phases, frequency, 
type, efficiency, required regulation, allowable temperature 
rise, etc., the design is proceeded with as follows: bearing 
in mind, of course, that in some places it will be necessary 
to make estimates in order to proceed with the design, 
which later on are corrected. This cannot be avoided. 
In the following method an attempt has been made to so 
arrange the order of the process of making the calculations 
that this necessity of making estimates of later results 
is reduced to a minimum. 

(A) Type 

If the machine is a very small one, it may be of the 
revolving armature type, otherwise the revolving field type 
is usually selected. The design of a revolving armature 
alternator is very similar to the design of a direct-current 
generator. About the only difference is that shp rings are 
provided instead of a commutator, and the number of poles 
must loe equal to two times the frequency divided by the 
number of revolutions per second. This usually means 
more poles than would ordinarily be provided on a direct- 
current generator. The prevaiUng peripheral velocities 

27 
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of alternator armatures are therefore higher than for D.C. 
machines. 

The method of design laid down in Volume I, with the 
modifications pointed out above and a knowledge of voltage 
and phase relationships, as given in Chapter I of this volume 
will suffice for the design of the revolving armature type. 
What follows will refer primarily to the revolving field 
types. 



(B) Speed and Frequency 

The speed depends to a considerable degree upon the 
frequency. The frequency is usually determined from 
the conditions under which the machine is to be operated. 
If the load is to be entirely or largely a hghting load the 
frequency is usually made 60 cycles per second. If the 
load is entirely motors, or rotary converters, or if the power 
output is transmitted' a very long distance, say 150 miles 
at a potential of, say, 150,000 volts, it is usually generated 
at a frequency of 25 cycles per second. Table I gives the 
relationship between output and speed for 60-cycle gen- 
erators of different types. Table II covers 25-cycle 
machines. 



(C) Number of Poles 

The number of poles is fixed by the frequency and 
the speed, hence is also determined from Tables I and II. 



^ 
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TABLE I 
Relation Between Output and Speed for 60-ctcle Alternators 



Output in K.V.A. 


Speed, r.p.m. 
Belted Type. 


Speed, r.p.m. 
Engine Type. 


Speed, r.p.m. 
Water Wheel. 


10 


1800 






50 


1200 


360 




100 


900 


300 


720 


ioo 


600 


240 


514 


300 


514 


200 


450 


400 


450 


180 


400 


500 


380 


150 


360 


600 


360 


138 


327 


800 


300 


120 


277 


1000 


277 


100 


240 


1200 




90 
90 
82 
75 


214 


1500 




187 


2000 




187 


3000 




150 


• 


TABLE 


II 




Relation betwei 


SN Output and Speed for 25-Cycle Alternators 


Output in K.V.A. 


Speed, r.p.m. 
Belted Type. 


Speed, r.p.m. 
Engine Type. 


Speed, r.p.m. 
Water Wheel. 


10 


750 






50 


750 






100 


500 


167 


500 


200 


500 


150 


500 


300 


375 


136 


375 


400 


375 


125 


300 


500 


300 


116 


300 


600 


250 


107 


250 


800 


214 


100 


250 


1000 


187 


93 


.214 


1200 




88 
82 
75 
75 


214 


1500 




187 


2000 




187 


3000 




167 
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(D) Diameter and Length of Annature 



(11) 



D^L^ 



(Q)(KV.AO(10^) 
r.p.m. ' 



where 2)= outside diameter of armature laminations in 

inches; 
L= length of armature iron including ventilating 
ducts in inches ; 

Q=an output coefficient. 

In Tables III, IV and V are given the output coefficients 
for 60-cycle alternators. 



TABLE III 



OuTPTJT Coefficients fob High-speed Alternators 



Output in K.V.A. 


Q 


Output in K.V.A. 


Q 


10 


20.0 


300 


4.4 


25 


10.0 


500 


4.1 


50 


8.0 


800 


3.9 


75 


6.8 


1000 


3.8 


100 


6.0 


2000 


3.65 


150 


6.1 


3000 


3.5 


200 


4.7 


5000 


3.45 
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TABLE IV 

OuTprrr Coefficients fob Small Engine Type or Low-speed Belted 

Alternators 

speed 360 to 120 r.p.m. 



Output in K.V.A. 


Q 


Output in K.V.A. 


Q 


50 


6.00 


350 


3.4 


100 


4.80 


400 


3.3 


150 


4.20 


450 


3.2 


200 


4.00 


500 


3.12 


250 


3.70 


550 


3.06 


300 


3.60 


600 


3.0 



TABLE V 
Output Coefficients for Large High-speed Alternators 

SPEED 720 to 450 



Output in K.V.A. 


Q 


Output in K.V.A. 


Q 


1000 


3.8 


3500 


3.49 


1500 


3.7 


4000 


3.46 


2000 


3.6 


5000 


3.42 


' 2500 


3.55 


6000 


3.32 


3000 


3.51 


7500 


3.20 



TABLE VI 
Output Coefficients for Large Slow-speed Alternators 



Output in K.V.A. 


Q 


Output in K.V.A. 


Q 


1000 


2.7 


3500 


2.42 


1500 


2.6 


4000 


2.38 


2000 


2.55 


5000 


2.30 


2500 


2.50 


6000 


2.22 


3000 


2.46 


7500 

t 


2.16 
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Having determined the product D^Ly we must next 
assume either D or L. We have the choice of either taking 
a large diameter and making the armature short, or taking 
a small diameter and making the armature long. In 
machines of small diameter, the poles are crowded together, 
giving poor opportunity for regulation. With large diam- 
eters, the field coils are farther apart, the peripheral speed 
is higher, therefore the cooling of the armature is much 
greater. But again, machines of larger diameter require 
heavier castings, and therefore present greater difficulties 
in handling. Tables VII and VIII are intended to be used 
as a guide in deciding on the diameter. Table VII was 
made up from an actual line of machines made by a reputa- 
ble manufacturing company. 

The outside diameter is to the outside of the armature 
laminations, and the inside diameter is the bore of the 
stator. 



TABLE VII 

DiAMETEBS, Lengths, and Output Coepficibnts op Altbbnator 

Armatures 



Output, 
K.V.A. 


Outside 

Diam., 

Inches. 


Inside 
Diam., 
Inches. 


Length 

Armature, 

Inches. 


Speed, 
r.p.m. 


Frequency 

Cycles per 

Second. 


Q 


30 
50 
75 
100 
150 
150 
200 


25A 

27i 

34 

34 

39 

481 

481 


184il 
20 

26.4 

26.4 

30f 

40i 

40A 


4 

4i 

5 

6 

7A 

5J 

7 


1200 
1200 
900 
900 
900 
600 
600 


60 
60 
60 
60 
60 
60 
60 


10.3 
8.2 
7.05 
6.25 
6.65 
5.45 
5.00 
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TABLE VIII. (ESTERLINE) 
Diameters of Belted Alternator Armatures 



Output in 

k.v.a. 


Outside Diameter in Inches. 


Ratio of Length to Diameter 
of Core. 


Min. 


Mean. 


Max. 


Min. 


Max. 


30 

50 

75 

100 

150 

200 


14 
16 
20 
22 
26 
36 


17 
20 
28 
34 
42 
51 


23 
29 
35 
40 
46 
58 


.75 
.71 
.67 
.63 
,58 
.55 


.33 
.31 
.28 
.26 
.23 
.22 



TABLE IX 

Diameters, Lengths^ and Output Coefficients of Engine Type 

Alternators 



Output, 
K.V.A. 


Outside 
Diam., 
Inches. 


Inside 
Diam., 
Inches. 


Length 

Armature, 

Inches. 


Speed, 
r.p.m. 


Frequency 

Cycles per 

Second. 


Q 


50 


44 


37.72 


• 

5 


300 


60 


5.8 


55i 


44 


38.2 


5i 


277 


60 


5.3 


75 


48.5 


41.62 


5i 


300 


60 


4.9 


75 


48.5 


42.22 


5.75 


277 


60 


4.95 


100 


56 


49.25 


5.75 


300 


60 


5.4 


100 


56 


49.72 


4.50 


257 


60 


5.25 


111 


62.5 


55.72 


5.50 


225 


60 


4.46 


400 


128.5 


120. 


7 


120 


60 


3.48 


600 


108 


99.35 


8.75 


150 


60 


3.06 


600 


128.5 


119 


7.50 


150 


60 


3.10 


850 


128.5 


120 


12 


120 


60 


2.78 


1250 


153 


144 


12 


100 


60 


2.25 
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Fig. 31.— Stator Frame, End Plate, 



Xiaoa (Westbingouse) . 




Fig. 32 — Enpne-type Generator Stator, 75 K.VA. (Westin^ouae). 
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TABLE X 
Diameters, Lengths, and Output Coefficient fob Large Alternators 



Output. 
K.V.A. 


Outside 
Diam., 
Inches. 


Inside 

Diam., 

Inches. 


Length 

Armature, 

Inches. 


Speed, 
r.p.m. 


Frequency 

Cycles per 

Second. 


Q 


1500 


128.5 


116.75 


18i 


225 


60 


4.55 


2000 


128.5 


117.615 


20.5 


200 


60 


3.40 


2500 


128.5 


110.25 


20.5 


360 


60 


4.20 


3000 


128.5 


116.75 


20.5 


300 


60 


3.40 


3000 


128.6 


117 


20.5 


240 


60 


2.72 


3600 


128.5 


110.5 


20.5 


225 


60 


2.94 


3750 


128.5 


109 


18.5 


360 


60 


2.94 


3940 


128.5 


110.5 


20.5 


400 


40 


3.45 


12500 


182. 


128.5 


30 


300 


50 


2.38 



(£) Number of Inductors 



(12) 
where Zt 

la 

IC 



Z,= 



(x)(Z)i)(/C) 

la 



total number of armature inductors; 
current in amperes;* 

inside diameter of the armature = the bore ; 
the product of current and conductors per inch 
of armature periphery. 



The diameter D which we have determined by Eq. (11) 
is the outside diameter of the laminations. By referring 
to the several tables in which both inside and outside 
diameters are given, we can find a machine of approximately 
the same outside diameter, frequency and speed as the 
machine imder consideration, and from the inside diameter 
which is given, estimate very closely what the bore of our 
machine should be. Later on, we may have to increase or 
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decrease it a little, in order to give the armature magnetic 
circuit the proper sectional area. 

IC is in a sense a design coeflScient and increases in about 
the same proportion as Q decreases. 

Values of IC for commercial machines are indicated 
by Tables XI and XII. 

TABLE XI 
Values of "7C" fob High-speed Belted Alternators 



Output, K.V.A. 


IC. 


1 

] Output, K.V.A. 


IC. 


10 


200 


125 


475 


25 


350 


150 


500 


50 


390 


175 


525 


75 


415 


200 


550 


100 


450 


225 


590 



TABLE XII 



Values of "/C" for Engine-type Alternators 



Output, K.V.A. 


IC. 


Output, K.V.A. 


IC. 


50 


450 


400 


660 


100 


495 


450 


676 


150 


520 


500 


695 


200 


560 


550 


700 


250 


590 


600 


705 


300 


615 


1000 


710 


350 


640 


5000 


726 



As an illustration of the above, a certain 3600-K.V.A., 
6600-volt, 3-phase, 60-cycle, 225-r.p.m. alternator was 
calculated as follows: Di was 115 inches. The niunber 
of armature ampere turns per inch of periphery =/C was 
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assumed as approximately 700. The normal current per 
phase (open-type star winding) was : 



7 (3600) (1000) „,„ 

^^ = iccr^ ~- r-i^ =316 amperes. 



(6600) (1.73) 



_ (x)(115)(700) 
316 




Fia. 33. — H^-speed Engine-type Alternator (Electric Muchinery Co.). 

Next the number of armature slots have to be assumed. 
There are 32 poles and 3 phases. The total number of 
slots should be a multiple of the three phases and 32. 
Assuming 2 slots per pole per phase, the total number 
of slots is 32 times 2 times 3 = 192 slots; 800 divided by 
192 gives the number of conductors per slot. The nearest 
whole number is 4. The total niunber of conductors will 
therefore be 4x192=768 — instead of 800 as assumed. 



38 



DESIGN OF ELECTRICAL MACHINERY 



(F) Flux 

Some years ago air-gap densities of 5000 to 6000 lines 
of force per square cm. were used. Now it is not imusual 
to find air-gap densities of from 10,000 to 12,000 lines of 
force per square cm. for belt-driven and engine-type alter- 
nators and up to neariy double this amount for turbine- 
type alternators. It is desirable that such a value be 
chosen for the air-gap density as will almost satm-ate the 
teeth, but at the same time, it must be remembered that 
this also tends to increase the leakage. Tables XIII and 
XIV are given as a guide: 

TABLE XIII 

Aiii-<iAF Denhitieh in Gaubses, 25-cycle Alternators, Belted or 

Engine Type 



K.V.A. Capttcity. 


Donsity, Lines per , 
Sq. Cm. 1 


K.V.A. Capacity 


Density, Lines per 
Sq. Cm. 


10 


6000 


2000 


10000 


5() 


7000 


3000 


10500 


100 


8000 


4000 


10800 


aoo 


8500 


5000 


11000 


500 


9000 


10000 


12000 


1000 


9500 







TABLE XIV 

Air-gap Densities, in Gausses, 60-cycle Alternators, Belted 

Engine Type 



OR 



K.V.A, Capacity. 


Density, Lines per 
Sq. Cm. 


K.V.A. Capacity. 


Density, Lines per 
Sq. Cm. 


10 


4500 


2000 


7500 


60 


5200 


3000 


7900 


100 


6000 


4000 


8200 


300 


6400 


5000 


8500 


500 


6750 


10000 


9000 


1000 


7100 
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We have determined the frequency and the total number 
of conductors. The flux ^, for no load, is now determined 
from the formula: 

(13) Ea^ ^^ , 

where ^ = flux per pole at no load and K, /, Z and a have 
the same significance as assigned in Chapter I. 

It is suggested that ^ be calculated for a value of Ea, 
that is, in from 5 to 8 per cent in excess of the normal no- 
load voltage, so that ^ as calculated for no load will approx- 
imate quite closely the actual flux per pole at normal load, 
and with normal terminal voltage. 

Knowing the flux, we next determine: 



(G) Breadth and Circumferential Width of Pole 



(14) 1^2= * 



WB' 



where ^ = flux per pole ; 

B = no-load air-gap density (see Tables XIII and XIV) ; 
W = breadth of pole ; usually is equal to the length 
of the armature laminations, therefore usu- 
ally is equal to L; 
W2 = circumferential width of pole. 

TF2= should come out not less than 55 per cent or 

more than, say, 72 per cent of the pole pitch. Otherwise it 

will be necessary to keep readjusting our calculations 
imtil a value within these limits is attained. 
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While W should be equal to L the pole maj' be a little 
narrower than the length of the armature, if it is necessary. 



I 




I 



■w- 



FiG. 34. 



About the proportion shown in the following figure is 
Hrnnotinios UHod. 





















1 












L. 







■w- 



FiG. 35. 

We have assumed so far that we have a sinusoidal 
distribution of the flux. This is not quite true in actual 
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machines, but is usually so very close that it will not 
greatly affect the results of our work, as to the E.M.F. 
and number of inductors, except in special cases. It is, 
however, very important that we determine the field and 
voltage forms, as a bad wave form is often veiy undesirable. 



(H) Determination of Field and Voltage Forms 

The author is indebted to an engineer formerly employed 
by the Westinghouse Company for the following method 
of determining the field form: 

Draw two adjacent poles to any convenient scale, or 
rather just one pole as indicated in Fig. 36. Divide the 
pole pitch into 24 equal parts. Let S be the air-gap at 
the center of the pole. Let bx be the mean width of a tube 
of force, and Sx its mean length. The magnetic con- 
ductivity is proportioned to 6./&. The field density on 
the armature surface is proportioned to 



Axs; 



Let the maximum field density imder the pole be 100. 
Use S as unity m measuring Sx. The density Bx at any 
point X would be 



1 bx 
>x = lUU -^ -7-. 

SxAx 



Bx = 100 ^ 



Since in most cases -j- is practically equal to unity, it 

Ax 

is suflSciently accurate to measiu-e the length of the central 
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line of force in the tube in the units of S and make the 
field density Bx inversely proportional to this length. 

With this construction we can plot the field form of one 
pole's magnetic flux in the percentage of maximimi density. 
As the fluxes of adjacent poles of opposite polarity are 
superposed on each other, the actual field form is obtained 
by subtracting the field densities of the two poles where 
they overlap. The method of construction is indicated by 
Fig. 36. 

Let Cp=the pole constant, then (see Fig. 37) 

__area enclosed by the actual field form 
^ area rectangle ABCD 



On — 



X 



a 
2 

Bxdcc 



p 

(X 

— R 



Also 



Bay,= 



a 

I Bxd(x 

Jo 



a 
2" 



therefore 



B. 



■P — 



B 



max. 



In the actual construction as in Fig. 36 we usually divide 
the base Une into six equal divisions, and then take the 
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average of the six middle ordinates in order to get B^^, C, 

for a sine wave is equal to 1 divided by ^ or is equal to .637. 

E.M.F. Wave Farm. The wave form of E.M.F. induced 
in the armature through the relative motion of the field 
and conductors can be constructed from the field form. 
The E.M.F. wave induced in each single conductor is exactly 
of the same shape as the field form itself. For more than 
one conductor, the resultant will be the sum of the values, 
therefore the resultant form of E.ALF. wave depends on the 




Fig. 37. 



number and distribution of conductors forming one group 
or winding element. 

It can be shown that if there are six or more slots per 
pole the wave form is practically independent of the number 
of conductors, that is, it may be constructed by using any 
convenient number. Twelve is a very convenient number 
to use. This gives 4 slots per pole per phase for three 
phase and six slots per hole per phase for two-phase 
machines. In single-phase machines it is usual to take into 
consideration the actual distribution of conductors^ 
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The fundamental idea of construction is that we move 
the group of conductors in the magnetic field and deter- 
mine the number of Unes of force each conductor cuts. 
Adding these figures with their respective plus or mmus 
signs, we obtain a value proportional to the E.M.F. induced 
in the whole group of conductors. In Fig. 36 is shown the 
construction for a three-phase alternator, assuming twelve 
slots or conductors per pole, and an open-type star winding. 
Eight conductors one-twelfth of a pole pitch apart are 
therefore assumed. 

A study of Fig. 36 will very quickly show how the E.M.F. 
wave was constructed for this particular machine. The 
values of the E.M.F. are relative values only, and are ex- 
pressed in terms of magnetic field density. The max. value 
of the E.M.F. wave shown in Fig. 36 is 778 and the square 
root of the mean squared value is 552 ; 552 divided by 778 
gives us .702 (.707 is the value for a sine wave), hence we 
see that the E.M.F. wave approaches very closely to a sine 
wave, even though the field form does not. 

The case considered above should give the designer an 
understanding of the fundamental ideas of the procedure, 
so that for any given machine under consideration he can 
devise his own method of constructing the E.M.F. wave 
from the field form. He should keep changing the shape of 
the pole, if necessary, until one is obtained that will produce, 
very closely, a sine wave. 

The author's attention was recently called to an alter- 
nator in which the ninth harmonic was very pronounced. 
The machine had nine slots per pole, or three slots per pole 
per phase. Open slots were used, and the pole covered 
such a percentage of the armature surface that at one 
instant there would be six teeth and five slots under a pole, 
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whereas at the next instant there would be five teeth and 
six slots. Furthermore, the air-gap was of uniform width. 
The result was that the magnetic reluctance and hence the 
field strength varied considerably with the position of pole 
wheel. The result of course was very pronounced tooth 
harmonics. If a gradually increasing air-gap from the 
center of the pole toward each edge were employed, the 
tooth harmonics would probably have been avoided. We 
ought therefore to draw the field form with the "pole in several 
different positions with respect to the armature, and muke the 
pole of such a shape that we get the same strength of field for 
the various positions. 

Coefficient of Chording. — The chording of the winding 
reduces the number of effective conductors in the ratio of 
the sine of one-half the electrical degrees between the two 
sides of the coil, or, 

X=sin-, 

where X = coefficient of chording, 

B= angle between two sides of coil. (See Fig. 38). 

(I) Number of Slots 

The nimiber of slots per pole for two- and three-phase 
machines must be divisible by the number of phases, and 
when the same stampings are to be used for both two- and 
three-phase machines, the number of slots per pole must 
be divisible by six. This means either six or twelve slots. 
Six are used unless the K.V.A. per pole are very high. 
On three-phase machines either six or nine slots per pole 
are usually used. 
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Slots may be divided into three classes: 

1. Open slots; 

2. Partially closed slots; 

3. Closed slots. 

Open slots permit the use of machine-wound coils, 
hence the coils may be entirely insulated before placing 
them in the slots. The self-induction due to slot leakage 
is of course less. There are more likely to be tooth har- 




FiG. 38. 



monies introduced into the E.M.F. wave form. The air-gap 
is somewhat less than in the case of closed or partially closed 
slots. 

Partially closed slots require a great deal of care in 
construction. They decrease the magnetic reluctance, and 
the possibility of tooth harmonics is much reduced. The 
principal objection to partially closed or closed slots is, 
of course, the poorer regulation. 

As the nmnber of slots is increased the cost of the shop 
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work is increasetL Filing of i^ta ^bouid be avoided as 
much as possible, therrfore the additional allowance made 
in dot width for filing becomes more important as the dimen- 
saons of the dots are made smaller by increaang their 
number. 



7 



5 




7S 



\J 



7 \ 




K^ 



tic. 39. — lUitevrating Various Forms of Armature ^ota. 



(J) Dimensions of Armature Indiictors 



Find the required dimensions of the armature inductors 
from the following formula : 



(15) 



A -^ 



where A„ 

la 

k 



area in square inches of armature inductor; 
current in amperes in each winding element; 
current density in amperes per square inch. 
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For high-speed well- ventilated machines, fc=2200 to 
2500; for low-speed well- ventilated machines, fc = 1800 to 
2200. 




Fio, 40. — Stator with Aeaembled Core (WcstinRhouae). 



(K) Insulation of Armature Inductors 

The insulation of the armature coils is one of the most 
critical features of an alternator. The problem is much 
the same as in direct-current armatures, except that the 
voltages are often much higher. In order to obtain as high 
a space factor as possible in the armature slots, it is essential 
to select the very best materials. Careful attention should 
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also be given to the order of arraDgement of the insulatii^ 
materials, so that those which are strong dielectrically but 
weak mechanicAlly are protected by those suitable for 
withstanding mechanical strtuns. 

For slot linings, such materials as presspahn, leatheroid, 
horn fiber, red rope paper, and manilla paper are suitable. 
Great care must be taken to subject all slot-linings to 




Fio. 41.— Rolled Steel Plate Spider with Field Coila AsBembled 

(Weatinghouse). 



thorough drying and waterproofing processes. One very 
effective process is to subject them to prolonged soaking in 
hot linseed oil. 

Mica and mlcanite should be used for slot linings in 
high-voltage machines only. For materials to be used to 
bind the conductors together into coils, there are several 
available, as for example cotton tape, linen tape, treated 
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cloth tape, or cambric treated with one of various kinds 
of varnishes, impregnated manila paper, mica paper, 
oiled unbleached cotton, or a cotton covering acting as a 
skeleton for any one of several varnishes. The insulation 
aroimd the individual conductors in no case should be less 
than a double cotton covering, and it should be filled with 
a good insulating varnish. 

For further information see Turner and Hobart's book 
on " The Insulation of Electric Machines." 

The width of a slot is generally made about equal 
to the width of a tooth, and its depth from two to three 
and one-half times its width. The magnetic density in 
the teeth must not tend to oversaturate them, but on the 
other hand should nearly saturate them so as to prevent 
a shifting of the lines of force as the pole approaches and 
leaves a tooth. 

In order to get the average length of one turn lay off 
the armature coil to scale on a drawing board. An even 
number of slots per pole per phase will give coils all of 
which are interchangeable, so that only one mold is re- 
quired. The use of this coil is practically limited to arma- 
tures having open slots. It is illustrated by Fig. 42. 

The coils shown in Fig. 43 are simpler in shape but 
there are as many different forms required as there are 
coils per pole per phase. 

Calculate the length of conductor in each coil. The 
total length of conductor in each phase will then be the 
number of coils in that phase times the length of con- 
ductor in each coil. This resistance, Ra, will be the resist- 
ance of one phase. For a three-phase star-connected wind- 
ing, the resistance, Ray between adjacent sUp rings would 
be twice Ra, etc. 
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The heat loss in each phase of the armature will be 
I^Ra where la is the current in each phase. For two 
phase the total PR loss will be (2) {h^Ra'); for three phase, 
(3) iURa), etc. 




Fia. 44.— Caflt Spider, Dovetailed Pole (Westinghouse). 



(L) Iron Losses in the Armature 



(16) 



2B,' 



where A c = cross-section of the armature core below the teeth ; 
Bi= magnetic density in the core below the teeth; 
<[)= useful flux per pole (actual flux minus the leak- 



(17) Depth of core below teeth = 



A, 
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where L = length of armature laminations + (insulation + 
ventilating ducts). 
For 25-cycle alternators, Be should not exceed from 
70,000 to 75,000 lines of force per square inch; for 60- 
cycle machines it should not exceed from 45,000 to 55,000. 
A density of from 100,000 to 110,000 is usually employed 




Fio. 45. — Rotor Core with Pole Pieces Asacrabled on Spider (Westinghouse). 

in the teeth, and from 85,000 to 95,000 Unes of force per 
square inch in the pole cores. 

The length and width of the teeth, the area of the 
core, and the area of the core below the teeth and the 
length of the armature being known, the volume of the core 
in cubic inches may be calculated. 

(18) Tf.-{F.)(.277); 
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where Tre= weight of core in lbs.; 
yt=voluine of core in cu.m. 

There are two sources of iron losses in the armature. 
These sources are, first, the energy spent in continually 
reversing the magnetism in the armature core as the arma- 
ture revolves. It is called hysteresis. Second, that used 
in setting up useless currents in the iron. It is called eddy 
ciurent loss. 




Although a number of very eminent scientists worked 
for years on the problem of hysteresis, it remained for an 
engineer of. our time to establish the laws. In 1892 Mr. 
C. P. 'Steimnetz gave out the results of his experiments, 
showing that the energy dissipated by hysteresis varies 
directly as the frequency of the reversals, directly as the 
total mass of iron, and approximately, as the 1.6 power 
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of the magnetic density. This law he expressed by the 
following emphical formula: 

(19) P, = ^''fV: 

where Ph = hysteresis loss in ergs; 
;jL = coefficient of hysteresis ; 
/ = frequency in cycles per second ; 
V = volume of iron in cu.cm. 

The coefficient of hysteresis depends upon the physical 
and chemical quaUties of the iron. For good armature 
iron it varies from .0012 to .0020. A fair value for good 
iron is .0015. 

Reducing to practical units and inserting .0015 for (jl 
we get, 

where Pc= hysteresis loss in the portion of the armature 

below the teeth; 
Be = magnetic density in lines per sq.in. ; 
Fc = volume in cubic inches; 
/= frequency in cycles per sec. 

(21) P.-'-^^; 

where Ft = hysteresis loss in watts in the teeth; 
Bt = average density in the teeth; 
Vt = volume of the teeth. 

(22) Pa^Pc+Pty 

where Pa = total hysteresis loss in the armature. 
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From his experiments, Steimnetz also found that the 
enei^ consumed by eddy ciurents induced in a body of 
iron varies as the square of the m^netic density, as the 
square of the frequency and in direct proportion to the 




Fig. 48.— Laminated St«el S 
(WertinghouBe). 



Fig, 49,— Pole Piece Showing Dove- 
tail Projection (Westinghouse). 



volume of the iron. This he expressed by the following 
empirical formula : 



(23) 



p.=mBy(J)\V), 



where P*=eddy current loss in ergs; 
■t) =eddy current constant, 

depending upon the thickness and the specific electrical 
conductance of the material. For the numerical value 
of this constant Steimnetz gives the following formula: 



(24) 



= 1.645d2n0-' 
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where d= thickness of iron lamina in cm. 
y= electrical conductivity in mhos; 
Y = 100,000 for ordinary armature iron. 

Inserting the value of ij with reference to iron and 
reducing to practical units the following formula is obtained: 

,„,. p, (4.2)((P)(g.)^(/)^K 




Fia. 50.— Cast Spider, Laminated Rim Fig. 51.— Pole Piece with Bolts 
(Westinghouse). (Westinghouse). 

where Fc'=eddy current loss in that portion of the arma- 
ture below the teeth in watts; 
d=thickne88 of iron laminations in inches (.014 
is a fair value) ; 
B«= magnetic density in the armature below the 
teeth; 
f = frequency of reversals in cycles per second ; 
F(= volume of core below the teeth in cu.in. 
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,.., p, (4.2)(d2)(^0^(/)^(7i) 

where Pi'=eddy current loss in the teeth in watts; , 
-Bi= average density in the teeth; 
Fi= volume of the teeth in cu.in. 

(27) Pa'=P/+P/, 

where Pa = total eddy current loss in the armature. 

(28) Pa'' ^ Pa + Pa', 

where Pa'' = total iron loss in the armature. 

The American Society for Testing Materials have made 
a number of experimental determinations of the core losses 
in various armatures and have pubUshed curves in their 
proceedings which show the relationship between the losses 
per imit volmne of the iron and the product of kilo-gausses 
and frequency. The author beUeves it is better for the 
student to work out the losses by means of the above 
formulas, as he will then get a definite idea as to just how 
the iron losses are distributed between the various parts of 
the magnetic circuit, and also just what proportion of them 
are due to hysteresis and to eddy currents. 

I 

(M) Temperature Rise in the Armature 

The amount of the total energy consmned in an armature 
is la^Ra+Pa'- The amount of heat Uberated depends 
upon the area of its radiating surface, upon its circum- 
ferential velocity, and upon the ratio of radiating area 
to the pole area. 



60 DESIGN OF ELECTRICAL MACHINERY 

As a result of a very elaborate series of tests made at 
Coraell University the following conclusions were drawn. 
(See Transactions A.I.E.E., Vol. X, page 349.) 

. 1. An increase of the temperature of the armature 
causes an increased radiation of heat per degree rise is 




Fig. 62.— Rotor of 200 K.V.A. SychtonouB Motor (Weatinghouse). 



temperature, but the ratio of increase diminishes as the 
temperature increases, and an increase of the amount of 
heat generated in the armature increases the temperature 
of the armature, but less proportionally. 

2. An increase in the peripheral velocity increases the 
amount of heat liberated per degree rise in temperature, 
but the ratio of increase becomes less with higher speeds. 
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3. The effect of the field poles is to prevent the radiation 
of heat. 

Mr. Alfred E. Wiener, by combining these results with 
data and tests of various machines foimd the values given 
in Table XV. 

TABLE XV 
Specific Temperature Rise in Armatures 



Peripheral velocity in feet 
per second — Fp. 



0. 

10. 

20. 

30. 

40. 

50. 

75. 
100. 
150 



Temperature rise per unit of energy loss, in 
degrees C. = ta- 



Ratio of pole area to total radiating surface. 



110° 
80 
64 
55 
50 
48 
47 
46 
45 



.7 


.6 


.5 


.4 


100 ** 


95^ 


90° 


86° 


74 


70 


67 


64 


61 


58 


56 


54 


53 


51 


49 


48 


48 


47 • 


46 


45 


47 


46 


45 


44 


46 


45 


44 


43 


45 


44 


43 


42 


44 


43 


42 


41 



83° 

62 

52 

46 

44 

43 

42 

41 

40 



The product of the specific temperature increase and the 
specific loss gives the rise in temperature. 



(29) 



J- a — 'a 



S. 



where ra=rise in temperature of armature in degrees 

centigrade; 
<a= specific temperature increase; 
Sa= total radiating surface of armatiu-e in square 
inches ; 
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P,"+I^R,=total energy loss in the armature; 



S. 



= specific enei^ loss. 



The radiating or cooling surface of an armature is that 
portion of its superficial area which is in direct contact with 




Fig. 53. — Generator Rotor with Collector Rio^ (WestiDghouse). 

the surrounding air. The shape and construction of the 
armature, and the size and arrangement of the field deter- 
mine this radiating portion of the armature. 

(30) S,=S+Si+S2+S3, 

where S= external cylindrical stirface of the armature in 
square inches; 
iSj= internal cylindrical surface of the armature core 
in square inches; 



;i 
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= radiating surface of the core and conductors at 

the two ends of the armature; 
=radiating surface presented by one side of a 

ventilating duct. 



(31) 



Vr = 



SV+S1V1+S2V2+S3V S 



where 7p = average peripheral velocity of the radiating 
surface of the armature; 
V = peripheral velocity of S; 
Vi = peripheral velocity of Si; 
V2 = peripheral velocity of S2 ; 
V3 = peripheral velocity of S3. 




Fig. 54. — Rotor with Bquirrel-cage Winding (Wfatinghouse). 

If the temperature rise does not come up to nearly the 
specified value, the current density in the armature inductors 
may be increased. If the temperature rise is too high it 
will be necessary to either increase the area of the armature 
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inductors, or increase the radiating surface by putting in 
more air ducts or by doing both. 

The radiation coefficients of the stationary armature 




Fig. 55.— Bearings Type G Generators, Rear Bearing and Halves of Col- 
leclor Side Bearing (WeatinghouBe). 




—Bearing Housing Open, Showing Bearing and Oil Rings, liracket 
Type (Westinghouse.) 



should be considered as if the armature were revolved, and 
the field pole held stationary, because of the fact that the 
poles drive the air through and around the armature at 



ALTERNATORS, SYNCHRONOUS MOTORS, ETC. 65 

almost the same peripheral velocity that would be obtained 
were the armature rotated. 



(N) Diameter of Shaft 

The diameter of the shaft within the core may be found 
by the formula, 



(32) 



\r.D.m. 



where W = output of the machine in watts; 

K\ = constant depending on the output of the machine. 
(See Table XVI.) 



TABLE XVI 



Shaft Constants 



Capacity in 
Kilo-watts. 


Kx. 


Capacity in 
Kilo-watts. 


Kx. 


1 

5 

10 

50 


.9 
1.0 
1.1 
1.2 


100 

200 

500 

1000 


1.3 
1.4 
1.5 
1.6 



The diameter of the bearing portion of the shaft may 
be obtained from the formula: 



(33) 



A=0.8ifix/— - 
\r.p.m. 



where D© = diameter of the bearing portion of the shaft in 

inches. 



66 DESIGN OF ELECTRICAL UACHINEBY 

The length of the bearing may be found from the f onnula : 

(34) L»=K2D,Vr.pjn., 

where Z,» = length of the wearing portion of the bearing in 
inches; 
K2 =constant. (See Table XVH.) 

TABLE XVU. (ESTERLINE) 



CBIHcityiiiKila-wmtU. 


K,Hi,h3p«d. 


K, Law Speed. 


1 


-075 


.100 


3 


.100 


.150 


10 


.115 


.175 


50 


.125 


.200 


100 


,130 


,225 


1000 


.200 


.275 




Fig. 57. — Bearings need on High Speed Generators (Electric Machinery Co.). 



(O) Cross-sectioii of Pole Core 

If ii> is the flux in the air-gap under one pole at no load, 
the corresponding full-load value of the flux in the pole 
core will be: 



(35) 



<J>'=<i)X, 
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where 

X= leakage coefficient. 

X varies from about 1.15 to 1.40 in modem commercial 
machines. Ordinarily, 1.25 would be a safe value to use. 

Crocker gives the following formula for an approximate 
determination of the leakage coefficient of revolving field 
alternators. 

,..x 1 1 , (6)(g)W 

(36) X = 1 H — ...>. , 

where g = length of air-gap; 
d=pole core height; 
a = length of pole arc ; 
m = number of phases. 

(37) A,=^, 

where Ap =area of pole core; 

Bp = magnetic density in the pole core. 

The breadth W, may be made equal to the length L, 
of the armature or a httle shorter if desired, then : 

(38) Tr2=^. 

If the core is laminated, an allowance of about 8 per 
cent should be made for the insulation between lami- 
nations. The pole-core density is usually from 65,000 to 
85,000 lines of force per square if they are made of cast 
iron, and from 85,000 to 95,000 if sheet steel is used. 

There is not very much difference in the cost of sohd 
and of laminated poles. The advantages of solid poles are : 
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1. Their damping effect. 

2. Can be more reliably fixed on the pole wheel in case 
of high-speed machines. 

3. The section can be made oval is desired, thus giving 
increased economy in copper. 




^ ^ 




\ 




7 I 



J 




Fig. 58. 



With laminated poles, it is easier to perfect the design 
as regards the shape of the pole piece, and the pole wheel 
is more apt to run true and keep its shape. 

In Fig. 58 is shown different methods of fixing the pole 
to the pole wheel. 



ALTERNATORS, SYNCHRONOUS MOTORS, ETC. 



69 



In small machines the pole cores and the magnetic 
circuit below the pole cores are stamped out of one piece 
of iron as indicated in Fig. 59. 




Fig. 59. 



(P) Annature Inductance 

The armature inductance due to armature reactance 
should be calculated before the field winding is designed. 
Since conmiercial alternators do not have a uniform mag- 
netic reluctance, a perfectly distributed winding, nor a 
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sinusoidal flux distribution, an exact predetermination 
of the regulation without making any tests is impossible. 

The following method of predetermimng the armature 
inductance should give results approximating fairly closely 
actual results. 

The inductance of the slots covered by a pole, and those 
not so covered will be calculated separately. 

The reluctance of the path of the lines of force about 
one uncovered slot is given by the following formula: 

^^^^ ^' ^ dLa d'La 2wLa 

2b' '^ B '^ At' 

where Ri = reluctance of the flux paths of one slot; 
A = tooth pitch in cms.; 
w = width of a tooth at the top in cms.; 
B = width of a slot at the top in cms.; 

d = depth of the coil in the slot ; 
d' = depth of the slot above the coil ; 

b =the width of the slot at the bottom; 
&' =the width of the tooth at the bottom; 
La = the length of the armature laminations in cms. 

The coefficient of self-induction is numerically equal to 
the number of lines of force one ampere will produce times 
the number of turns divided by 10^, therefore, 

(40) ^'=T6^' 

where <])j=the number of lines of force produced by one 

ampere ; 
t = number of turns in the coil is equal to the niunber 
of conductors per slot ; 
Li = inductance in henrys, 
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and 

(41) *.-afM 

To this flux must be added that Imked with the end con- 
nections of the coil. This varies from 0.45 to 0.75 max- 
well per ampere turn per centimeter of the length, L*, 
of the end connections. 

The average value is usually not far from 0.55, hence, 

(42) (l),=<(^+0.55Le). 

The minimum value of the inductance will of course 
occur when the maximum number of slots are uncovered. 
In a three-phase machine, there may be a time when all 
the conductors in a winding element would be uncovered. 
Therefore the minimum inductance would be approxi- 
mately equal to : 

where L, = inductance of one uncovered slot; 
n =nimaber of slots per pole per phase; 
n'= number of winding elements in series, is the 
number of poles for an open type winding; 
Lmin. = minimum armature inductance. 
For covered slots the inductance will be greater, snce 
the flux passes from the top of a tooth to the pole face, and 
makes its return circuit through the pole face back to an 
adjacent slot. The reluctance for a covered slot is: 

(43) ie/ = - ^ 



d^ y w+A V 
'"V26'"^5+ 4^ / 
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where L, = the length of the end connections in cms.; 
g = length of air-gap in cms. 

The equation for ij)/ and W are the same as for the 
uncovered slots. The maximum inductance is 

(44) L„„. = (L/)(n)(n') 

where Z-j'= the inductance for one covered slot. 




Fig. 60.— a 6000-K.V.A. 6600-volt, Three-phase, 60-cyde Horizontal Water- 
wheel Generator (Westinghouse). 

The average value L^^,, is obtained by multiplying L„^ 
by the percentage of the armature which is not covered 
by the poles and Lmai. by the percentage which is. For 
example if the inductance is 10 henrys assuming all the 
slots to be imoQvered and -15 henrys when they are aU 
covered, and the poles cover two-thirds of the surface of 
the armature, the average inductance would be, one-third 
of 10 plus two-thirds of 15 = 13.33 henrys. 
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The total armature reactance is 
(45) X.=2t/L.^.. 

The armature reactance drop is 



(46) 



B2=/Jfa, 



Front. Rear. 

Fig. 61.— Collector Rings (Weatinghouse). 




Fia. 62. — Collectar Rings, Bnisb Holders and Supporting Brackete (Electric 
Machinery Co.). 
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where E2 = armature reactance drop per phase (see vector 

diagram in Chapter I). 
Xa= armature reactance per phase, 

/= frequency, 
Lav. = armatiu^ inductance. 
As an example of the calculation of armatiu^ inductance 
we will take the following : 
The dimensions are : 



d = 3.60 cms. L, =45.00 cms. 


A= 4.62 ' 


' <=24 


g= .50 ' 


' n=2 


d'= 1.20 ' 


' n' = 14 


B= 2.25 ' 


' / = 60 cycles per sec. 


L, = 15.00 ' 


' /a = 30 amperes 


w= 2.50 ' 


' J?= 2200 volts 


6= 2.00 ' 





The reluctance of the path of the lines of force about 
one imcovered slot is: 

1 



B,= 



(3.60) (15) ^ (1.2)(15) ^ (2)(2.5)(15)> 



(2) (2) ' 2.25 
Ri = .0375 oersted, 

4), = 1398, 



10* 



(4.62) (x) 



L min. = (.000335) (2) (14) = .00938 henry. 
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i2/= 



/ 3.6 1.2 2.5 +4.62 y 
\(2)(2)"*"2.25"*" (4) (50) / 



(2) (2) ' 2.25 ' (4) (50) 
Ri'= .0133 oersted, 

4), =2862, 
X,-.»§., 000687, 



'max 



(.000687) (2) (14) -.0192. 



The poles cover 65% of the annature, therefore, 

I'ar. = (.65) (.0192) +(.35) (.00938), 
= .01496 henry. 

The armature reactance per phase would be 

X2 = (2)(x)(60)(.01496), 

X2=5.62 ohms, 

E2 = (30) (5.62) = 168.6 volts. 



(Q) Armature Magnetization 

The armature reaction in ampere turns may be calcu- 
lated by means of the formulas given in Chapter I. 

These give the result m ampere turns per pair of poles. 
Since there are as many magnetic circuits as there are poles, 
and as we usually calculate the niunber o field ampere turns 
per pole, it will be foimd most convenient to divide the 
results given by these formulas by two, so as to get the 
armature reaction in ampere turns per pole; 
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(R) Cross-section of the Wheel Rim 

The cross-section of the wheel rim for a multi-polar 
machine will be 

(47 A. *' 



2BJ 



where <i)' = flux per pole ; 

-B»= magnetic density in the wheel rim. 




Fig. 63. — Brush Holder Bracket Stand (Westinghouse). 

If the wheel rim and the pole cores are made of the same 
material the magnetic density employed in the wheel rim is 
usually only about 80 to 90 per cent of what it is in the 
pole core. For a cast-steel wheel rim use 65000 to 75000 
lines of force per square inch. For cast iron, from 40000 
to 45000. 
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(S) Air-gap 

The air-gap to be used depends very largely upon the 
reqmred regulation. A long air-gap means more field 
ampere turns in proportion to the armature ampere turns, 
therefore better regulation, especially on low power factors. 
On the other hand, a long air-^p increases the leakage. 

As a general rule, about 75 per cent of the field ampere 
turns should be required to drive the flux through the air- 
gap. This may require an air-gap as small as one-eighth 



Fio. 64.— Bed Plate for Bracket Type Generator (Westinghouse). 

of an inch, or as large as three-quarters of an inch. For 
small machines three-sixteenths to three-eighths is com- 
mon. For large machines it usually Ues between three- 
eighths and three-quarters. 

Where good regulation is necessary, it is usually found 
advisable to make the ratio between the armature and field 
ampere turns about one to three. 

(T) Exciting Ampere Turns 

Lay off one of the magnetic circuits on a drawing board 
to scale, and prepare a table as follows: 
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Part. 


Magnetic 
Density. 


Length of 
Mean Line. 


Ampere Turns 
per Inch. 


Total Ampere 
Turns. 


Arm. core 

Teeth 

Air-gap 

Pole shoe 

Pole core 

Wheel rim 


# 








Total 















As the quantities indicated are obtained insert them in 
the above table; changes made necessary by further adjust- 
ments in the design can quickly and very easily be made 
by referring back to this table. 

The ampere turns may be obtained either from tables or 
by the following formula: 



(48) 



NI„ = 



Amy ' 



where -AT/hi = ampere turns necessary to force the flux 

through the part of the circuit under con- 
sideration ; 
corresponding number of lines of force; 



<J)in = 
Lm 

-Am 

y 



mean length in cms.; 
area in sq. cm.; 
permeabihty. 



If the dimensions are given in inches, then 



(49) 



NIn = 



.3133(}>mZvi 

Amy 
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Fig. ft5. — Segments of Core Laminations, Finger Plate and Ventilating 

Finger Plate (Westinghouse). 




ElG. 66, — Rotor Conitruction (Electric Machinery Co.). 
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TABLE XVin 
Permeabilitt of Different Kinds of Iron at Various Magnetizations 



Density, 
Lines per 
Square Inch. 


Annealed 
Wrought Iron. 


Commercial 
Wrought Iron. 


Gray Cast 
Iron. 


Cast Steel. 


Sheet Steel. 


20000 


2600 


1800 


850 


2500 


2400 


25000 


2900 


2000 


800 


2600 


2500 


30000 


3000 


2100 


600 


2750 


2625 


35000 


2950 


2150 


400 


2700 


2750 


40000 


2900 


2130 


250 


2650 


2860 


45000 


2800 


2100 


140 


2600 


2975 


50000 


2650 


2050 


110 


2475 


3100 


55000 


2500 


1880 


90 


2300 


3000 


60000 


2300 


1850 


70 


2100 


2900 


65000 


2100 


1700 


50 


1800 


2775 


70000 


1800 


1550 


35 


1475 


2660 


75000 


1500 


1400 


25 


1160 


2500 


80000 


1200 


1250 


20 


1000 


2400 


85000 


1000 


1100 


15 


850 


1900 


90000 


800 


900 


12 


750 


1400 


95000 


530 


680 


10 


690 


1100 


100000 


360 


500 


9 


590 


900 


105000 


260 


350 




525 


480 


.• 110000 


180 


260 




475 


310 


115000 


120 


190 




425 


178 


120000 


80 


150 




390 


145 


125000 


50 


120 




350 


99 


130000 


30 


100 




250 


69 


135000 


20 


85 




150 


40 


140000 


15 


75 




100 


20 



By means of the above equations find the number of 
ampere turns required to force the no-load flux through 

1. The armature core; 

2. The teeth; 

3. The air-gap; 

4. The pole shoe; 

5. The pole core; 

6. The wheel rim. 
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Add th^e together, thus obtainmg the number of no- 
load ampere turns per pole. 

In order to have plenty margin on low-power factors, 




Fid. 67. — Pole Piece ot a Large Geoerator (Westinghouse). 



the field voltage required at no load should not be more 
than 50 per cent of the exciter voltage. If a 1 10-volt exciter 
is used, the required exciter voltage at no load should be 
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taken as 55 volta. For a 220-volt exciter this value may 
be doubled. Then for a 110-volt exciter, the E.M.F. per 
pole would be 55 divided by the number of poles, or, 



(50) 



Ef=- 



where £/=E.M.F. per pole; 
p = number of poles; 
E,=EM.F. of exciter. 




Fio. 68. — lUuetratiDg Method of Fastening Field Coile (Electric Machinery 

Co.). 

For the first trial, get the capacity of the exciter by 
multiplying the average of the per cent limits given in Table 
XIX by the capacity of the alternator. The current in 
the field coils will then be this capacity in watts divided 
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by the normal voltage of the exciter. The redstance of the 
field coils should then be kept down to such a point that 
only about one-half the exciter voltage is reqiiired to supply 
the required field current at no load. 

Assume what you consider is a reasonable depth of field 
winding alter consulting other deigns, and calculate the 
length of a mean turn. Allow about 1200 circular mils 
per ampere, select such a size wire, that it will have a resist- 
ance Rf that will permit a current to flow that will give the 
required number of ampere turns when the current is multi- 
plied by the number of turns which can be acconmiodated 



FiQ. 69.— Edge Wound Strap Field CoU (Westinghouse). 

in the space available. If the circular mils per ampere 
are in the neighborhood of 1200, the temperature rise will 
probably come out about right. Different sizes of wire 
will have to be tried, and the space available for accom- 
modating the winding may have to be changed in order to 
accommodate the required number of turns. Since we have 
allowed 1200 circular mils per ampere, at no load, the cur- 
rent density will probably not exceed 800 circular mils per 
ampere at full load, therefore should be Uberally enough 
designed. 
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Check the field coil for temperature rise by the following 
formula, which is based on Timmerman's experiments, at 
Cornell University. (See Trans. A.I.E.E., page 342, Vol. 
X.) 



(51) 



83^, 



where T, 



temperature rise of the field coil in degrees C; 
loss per pole in watts; 

: total radiating surface, of the coil in square 
inches ; 



T, should not exceed approximately 20® C. at no load. 
After the regulation has been determined, Tt should again 
be calculated for the field amperes required at full load, 
and 80 per cent power factor and should not exceed 40® C. 
The usual Umits of the excitation losses is indicated by 
the following table : 

TABLE XIX 
Excitation Limits op Alternators 



Output of Alternator 
in K.V.A. 


Usual Limits in 
Per Cent. 


Output of Alternator 
in K.V.A. 


Usual Limits in 
Per'Cent. 


10 


2.00to5.00 


500 


.55'* 2.25 


50 


1.75 to 4.00 


750 


.50'* 2.00 


100 


1.25to3.75 


1000 


.5C 1.75 


200 


1.10'^ 3.00 


5000 


.45*' 1.50 


300 


.85*^ 2.65 


10000 


.40** 1.25 


400 


.60 '' 2.50 
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(U) Field Loss 
The watts lost in the field coils will be: 
(52) Tr/=//B„ 

where W/ = field loss in watts; 
7/ = current in field ; 
Rt = resistance of field winding. 




Fig. 70. — Illustrating Armature Windiog having Interchangeable Coils 
(Electric Machinery Co.) 

(V) Regulation 
The E.M.F., Ei, which in the vector diagram in Chapter 
I represented the effect of armature reaction, is the E.M.F. 
which we would have if the ampere turns of the armature 
only were the ma^netizmg force. Therefore Ei may be cal- 
culated by substituting in the formula for the E.M.F. of the 
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machine, the value of <{> that would be produced if the 
magnetizing force were the number of ampere turns in the 
armature winding only. Since this flux is always combined 
with the flux produced by the field, the permeabilities used 
should be those which correspond to full load conditions. 
By referring back to the table imder the heading, Exciting 
Ampere Turns, we can quickly and easily get the flux by 
using the information given in this table. We now know 
all the components of the vector diagram of electromotive 




IxRae 
Fig. 71. 



Phase of Current 



forces. Calculate Ea for normal E.M.F. at the terminals 
of the machine as per the above diagram. (Fig. 71.) 

Calculate what field current will be required to produce 
the E.M.F. Ea, also the E.M.F. Ea', that this field current 
would produce if the load were all thrown ofif. The regu- 
lation in per cent will then be: 

(53) Regulation = \ ^J ^OO, 

normal terminal E.M.F.; 

E.M.F. that would be produced at no load by the 

field current required to give Ex when the 

machine is loaded. 



where Ex 
Ea' 
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Calculate the regulation for J, ^, f, IJ and 1| loads, 
and for unity power factor. Also calculate the' regulation 
for full load and for 80 per cent power facto.- 

(W) Efficiency 

Assiune the windage and bearing friction losses and 
calculate the efficiency at various loads. These losses 
are very difficult to predetermine with even a reasonable 
degree of accuracy. They vary widely in similar machines 
of the same type, speed and capacity. For high-speed belt- 
driven machines, ranging in speed from 900 r.p.m. to 1200 
r.p.m. those losses should range from 1.5 to 3.5 per cent. 
For engine-type machines running at from 125 to 360 r.p.m. 
they should range from ^ of 1 per cent to 1.5 per cent. 
For very large slow-speed machines with good aUgnment 
it might be even less. 

The efficiency may be obtained by the following formula : 



(54) 



Efficiency = 



output 



output + losses' 



Tabulate the losses and efficiency as follows 



Load in 
Per cent. 





25 

50 

75 

100 

125 

150 



Arm. DR. 


Field I^R. 


Core Losses 


Windage 

and Bearing 

Friction. 


Total 
Losses. 













Efficiency 
in Per cent. 
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The temperature rise of the armature and of the field 
at various loads should be calculated by the methods already 
given and curves plotted showing the results. 

The remaining mechanical details are to be worked 
out on the drawing board as the work proceeds. 



CHAPTER III 

DESIGN OF ROTARY CONVERTERS 

The design of a rotary converter is carried out along 
the same lines as that of a direct-current generator, except 
that not nearly so much armature copper is required because 
of the fact that the current the machine requires as a syn- 
chronous motor oflFsets to a greater or less degree, depending 
upon the number of phases and the power factor, the cur- 
rent which the machine delivers as a direct-current generator. 
Also, collector rings must be added to conduct the alternat- 
ing current to the proper points in the armature winding, 
and the number of poles is usually fixed by the frequency. 

The design of direct-current generators was covered in 
Volume I, and synchronous motors in Chapter II of this 
volume, therefore it will be necessary to discuss only a few 
points in connection with rotaries. 

Since the speed is not fixed by any type of prime mover, 
the speed is usually higher and the poles fewer with more 
slots per pole per phase. For example, a certain 300-kilowatt, 
3-phase rotary has 4 poles and rims at 750 r.p.m. and there 
are 8 armature slots per pole per phase. 

The following relation exists between the armature copper 
losses in a D.C. generator and in a rotary converter. Assum- 
ing the losses in a direct-current generator equal to unity, 
the losses in a rotary for unity power factor are as follows : 

90 
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Single-phase = 1.38 

Two-phase =1.38 

Three-phase =0.56 

Four-phase =0.38 

Six-phase =0.27 

For 80 per cent power factor, the values are as follows: 

Single-phase = 2.50 
Two-phase =2.50 
Three-phase = 1.23 
Four-phase = 0.94 
Six-phase =0.77 

The alternating E.M.F. available between adjacent sUp 
rings in rotary converters in terms of the direct voltage is 
as follows: 

Single-phase = 0.707 

Two-phase = 0.707 

Three-phase = 0.61 

Four-phase = 0.50 

Six-phase = 0.353 

The above values are based on a sinusoidal field. For 
a rectangular field with the poles covering about 70 per cent 
of the armature surface, they would be about 5 per cent 
higher. 

A six-phase rotary may be suppUed from a three-phase 
Une through three transformers as indicated in Fig. 73 and 
Fig. 74. 

Rotary converters of any considerable output are usu- 
ally six-phase. Six-phase rotary converters have the follow- 
ing advantages. 
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(1) A higher rating, therefore they are smaller and 
cheaper for a given output. 

(2) The magnetizing eflfects of the currents in the arma- 
ture are more nearly balanced, therefore the commutation 
is better. 



phase A 
J2QfifiQ&J 



Phase B 



Phase C 




Fig. 73. 

(3) They run more stably than rotaries with fewer 
phases. There is less tendency to " hunt/^ 

Damper Winding. — In order to prevent hunting^ it is 
essential that the poles of a rotary converter be equipped 
with a damper winding. Himting is usually started by 
some outside force, as, for example, a sudden increase in 
the load on the rotary which makes its armature drop back 
relative to the synchronous relation of the field. The next 
instant it will swing ahead, and unless some force tends to 
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make it retain its fixed relative position it will continue to 
surge back and forth. The damper winding on the field 
poles has this retaining force, since for any relative move- 



PbaseA 

lQQQQQQQQ,OQ.Q.QflflaQ-0, 



Phase B 
i?QQQOQQQ.QQ,Q.OQQQQQ, 



Phase C 
QQOQOQQQQQQ.OQ.Q.aOOJ 




Fig. 74. 



ment between the rotation of the armature and of the field, 
an E.M.F. will be induced in the bars of the damper winding 
which will cause a current to flow that will set up a field 
that will counteract the field set up by the surging. An 



01 



DESIGN OF ELECTEICAL MACHINEKY 



excellent damper winding is obtained by putting on a wind- 
ing similar to that used on the armature of the squirrel-cage 
type of induction motors. 

The rotary may be started from the direct-current side 
similar to a direct-current motor and synchronized on the 




Fig. 76. — 1000 K.W. Six-phase Rotary Converter (Weatinghouae). 



alternating-current side the same as an alternating-current 
generator, or it may be started by means of a SDiall induc- 
tion motor, connected direct to the shaft of the rotary. 
After being brought up to speed it has to be paralleled both 
on the direct-current and alternating-current side; or it 
may be started as an induction motor by impressing alter- 
nating current on the armature of the converter. The 
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damper winding will then act as the secondary of an induc- 
tion motor, and the converter will speed up. This is a 
most convenient way of starting and the method most 
commonly used. 



d 
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Fig. 76. — Rotaries in Sub-station, Capitol Traction Co., Washington, 
(Weetinghouse). 



ConqKninding oi the Rotaiy Converter 

It has been said that the ratio between the alternating- 
current voltage and the direct-current voltage of a rotary 
is fixed. A certain amount of variation may be obtained 
through variation of the exciting current of the rotary, in 
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conjunction with reactance available in the armature cir- 
cuit. This is to be understood as follows: 




Fia. 77.— Self-starting Rotary Converter 750 K.W. Six-phase, 60-cycIe 
(Westioghouse). 

A rotary converter running oflf the alternating-current 
circuit may be regarded as a synchronous motor. There 




Fig. 78. — Rotor with SynchroDous Regulator Armature and Starting Motor 
Rotor, 770 K.W. (Westinghouse). 

is a certain fixed field ciurent at which the rotary will draw 
the smallest alternating current from the line. This corre-. 
sponds to unity power factor. 
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If this field current is changed, the current from the line 
is changed also. By increasing the field current, the rotary 
is made to draw a leading current from the alternating-cur- 




Fio. 7S.— 3000 K.W. Selt-atarting Rotary Converter, 600-volt 
(Westinghouse). 



rent circuit, and by decreasing the field current, it is made 
to draw a lagging current from the circuit. 

Assume now that the rotary is over-excited. It delivers 
a leading wattless current to the line. This current in 
conjunction with reactance in the circuit will cause an 
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inductive drop in the rotary armature which has an influence 
upon the impreaaed alternating-current voltage of the con- 
verter. This effect is to raise the impressed rotary volt^e. 
SimUiarly underexcitation will cause a lowering of the 
impressed voltage. Thus a certain amount of variation 
can be obtained by introducing wattless currents in the 
rotary armature and by providing for a cert^n amount 
of reactance. Of course such a procediire tends to increase 




Fill. SO. — Oscillator ami Speed Lunit Device, Switch Open (Westii^ouse). 



the heating of the converter armature and causes the con- 
verter to operate at power factors other than unity. How- 
ever, it is possible to obtain a certain amount of automatic 
regulation in this manner without injiuy to the rotary or 
without bad effects upon the circuit on which it operates. 
It is not unusual to provide a series field winding on the 
poles which automatically increase the excitation, as the 
load comes on and tends to hold up the voltage on the 
direct-current side, even if the alternating-current volta^ 
should drop off slightly on account of the^line drop. Fur- 
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thennore, there is often provided from 10 to 25 per cent 
reactance in the converter circuit. 

OaciUators. — In order to prevent the brushes wearing 
channels in the commutator and collector rings, some form 
of oscillating device should be provided to produce a periodic 
axial movement of the armature and shaft. In f%. 80 is 
shown a Westinghouse oscillator. 




FlO. 81.-HSelf-Starting Rotary, 200 K.W., 600-volt, 60-cycle 
(Westinghouse). 

It consists of a steel plate with grooved ball race and 
ball backed by a spring. As the grooved plf>te is not quite 
parallel to the end of the shaft, when the rotary is properly 
installed with the armature sUghtly inclined toward the 
oscillator, the hardened steel ball is caught at the lowest 
point between the race and the end of the shaft. As the 



603771 
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armature revolves, the ball is carried upward, and the 
spring compressed. The reaction of the spring forces the 
shaft away and the ball falls back to its normal position. 
Thus, a periodic longitudinal motion, of a frequency deter- 
mined by the natural period of the motor, is imparted to 



Fig. 82.— Stator of 3000 K.W., Six-phaae Rotary Converter (Westinghouse). 



the armature as it revolves and uniform wear of commutator 
and collector rings is assured. 

Overspeeds. — As a saf^uard against overspeeds in rotary 
converters, a safety device consisting of a spring-closed 
knife switch actuated by a centrifugal tripping mechanism 
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is attached to the same end of the shaft as the oscillator. 
The knife switch is held open by a pivoted latch so arranged 
that when the simple centrifugal governor attached to the 
shaft operates at a predetermined speed, it trips the latch 
and releases the spring, thus insuring a quick and positive 
closmg of the switch. This switch is contained m a metal 
box attached to the bearing housing and completes an 
auxiUary circuit through the tripping coils of the direct- 
current circuit-breakers. 

Field Break Switch, — If a rotary is started from the 
alternating current side, it should be provided with a double- 
throw field switch so that during starting the field may be 
opened in several places, so as to reduce the strain on the 
insulation that might otherwise result from the high voltage 
induced in the field coils. When the altemating-ciu'rent 
switches are closed on a self-starting rotary, the rotary is 
virtually a transformer, the armature winding acting as 
the primary, and the field winding as the secondary. This 
transformer action becomes less and less as the speed in- 
creases and entirely disappears at synchronism, but at the 
instant of the potential induced in the field coils may easily 
reach a dangerous value unless the field circuit is opened. 



CHAPTER IV 



A 180 K.V.A., 600 R.P.M., THREE-PHASE, 2200-VOLT, 6(W3YCLE, 

TWO-BEARING PEDESTAL TYPE ALTERNATING CURRENT 

GENERATOR. 

The author is mdebted to Mr. Truman Hibbard of the 
Electric Machinery Co., Minneapolis, Minn., for the set 
of actual working drawings shown in this chapter. 
LOCATION SKETCH 
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ASSEMBLED ARMATUHE. 
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POLE PIECE PUNCHING. 
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ARMATURE TOOTH SUPPORT. 
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RAIL DETAILS— CAST IRON. 
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FIELD FLANGE— CAST BRASS. 
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Motor, design of synchronous 1 
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No load ampere turns 81 

Number of ampere turns 77 

* * * * armature conductors 35 

r.p.m 28, 29 

slots per pole per phase 20, 46 
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Open-coil windings 15, 18, 19 

Open slots 47 

Output coefficients 30, 31, 32 

Oscillator, Westinghouse 99 

Overload capacities 3, 6 

Overspeeding of rotaries, prevention of 99 



Parallelogram of E.M.F.'s 21 

Parallel operation of alternators 23 
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Partially closed slots 47 

Pedestal, example of 120 

Permeability, table of .^ 80 
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Pole end plate, example of 114 

Poles, example of 58, 68, 81 

, method of fastening 68, 82 

, number of 27 

Polar arc 39 

Pole-pieces, effect on field fwrn 46 

* * * * , magnetic density in 54 

Power losses, see Losses. 

factor, effect on regulation 21 
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Radiating surface of armature , 60 

'* ^* field coils. 84 

Rail details, example of 115 

Ratchet detail, example of 119 

Rating of alternators 3, 6 

Ratio of length of armature core to diameter 32, 33 

* ' * * width of slots to their depth 51 

Regulation 86 

Resistance of armature 51 

'' field coils 85 

Rotary converter, example of 94, 95, 96, 97, 99 
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* ' ^* , compounding of 95 
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* * * ' , overspeeding of 100 

' * * * , starting of 94 
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Saturation of teeth 38 

Sectional area of armature core 53 

** '* '' inductors 48 

'' '* pole 39 

'' '' wheel rim 76 

Series winding on rotaries 98 

Shaft, calculation of . . 65 

* * , example of 64, 66 
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Birkmire's Architectural Iron and Steel 8vo. 
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Briggs's Modem American School Buildings 8vo. 
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8vo. 
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Monckton's Stair-building 4to, 

Patton's Practical Treatise on Foundations 8vo, 

Peabody's Naval Architecture 8vc, 
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* Stone- and Brick-masons' Edition 16mo. mor. 

Sabin's House Painting 12mo, 

Siebert and Biggin's Modem Stone-cutting and Masonr>' 8vo, 

Snow*s Principal Species of Wood 8vo, 
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Law of Contracts 8vo, 
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Wilson's Air Conditioning 12mo, 
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2 



ts 


50 


2 


00 


3 


50 


3 


00 


4 


00 


3 


00 


4 


00 


1 


25 


3 


00 


3 


50 


2 


50 


1 


50 


3 


00 


1 


50 


1 


50 


4 


00 


2 


00 


2 


00 


5 


00 


5 


00 


4 


00 


5 


00 


7 


50 


2 


00 


4 


00 


5 


00 




50 




50 




50 




50 




00 




50 


3 


50 


6 


00 


6 


50 


3 


00 


5 


00 


5 


50 


1 


50 



Eiasler's Modern High Explosives ; 8vo 

* Fiebeger's Text-book on Field Fortification Large 12mo, 

Hamilton and Bond's The Gunner's Catechism 18mo, 

* Hof!'s. Elementary Naval Tactics 8vo, 

Ingalls's Handbook of Problems in Direct Fire 8vo, 

* Interior Ballistics 8vo, 

* Lissak's Ordnance and Gunnery 8vo, 

* Ludlow's Logarithmic and Trigonometric Tables 8vo, 
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Manual for Courts- martial 16mo, mor. 
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Peabody's Naval Architecture 8vo, 
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* Weaver's Military Explosives 8vo, 
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♦Butler's Handbook of Blowpipe Analysis 16mo, 

Fletcher's Practical Instructions in Quantitative Assaying with the Blowpipe. 

16mo, mor. 

Furman and Pardoe's Manual of Practical Assaying 8vo, 

Lodge's Notes on Assaying and Metallurgical Laboratory Experiments.. 8vo, 

Low's Technical Methods of Ore Analysis 8vo, 

Miller's Cyanide Process 12mo, 

Manual of Assaying 12mc, 

Minet's Production of Aluminum and its Industrial Use. ( Waldo. )...12mc, 

Ricketts and Miller's Notes on Assaying 8vc, 

Robine and Lenglen's Cyanide Industry. (Le Clerc.) 8vc, 
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Ally's Tables for Iron Analysis 8vo, 3 00 
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Armsby's Principles of Animal Nutrition 8vo, $4 00 

Arnold's Compendium of Chemistry. (Mandel.) Lar^ 12mo. 3 50 

Association of State and National Pood and I>airy Departments, Hartford 

Meeting. 1906 8vo, 3 00 

Jamestown Meeting. 1907 8vo, 3 00 

Austen's Notes for Chemical Students 12mo, 1 50 

Bemadou's Smokeless Powder. — Nitro-cellulose, and Theory of the Cellulose 

Molecule 12mo, 2 50 

* Biltz's Introduction to Inorganic Chemistry. (Hall and Phelan.). . . 12mo. 1 26 

Laboratory Methods of Inorganic Chemistry. (Hall and Blanchard.) 

8vo. 3 00 

* Bingham and White's Laboratory Manual of Inorganic Chemistry. . 12mo. 1 00 

* Blanchard's Synthetic Inorganic Chemistry 12mo, 1 00 

* Bottler's German and American Varnish Making. (Sabin.). .Large 12mo, 3 50 
Browne's Handbook of Sugar Analysis. (In Press.) 

* BrowTiing's Introduction to the Rarer Elements 8vo, 1 60 

* Butler's Handbook of Blowpip>e Analysis 16mo, 75 

* Claassen's Beet-sugar Manufacture. (Hall and Rolfe.) 8vo, 3 00 

Classen's Quantitative Chemical Analysis by Electrolysis. (Boltwood.).8vo. 3 00 
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Tests and Reagents 8vo, 3 00 
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Duhem's Thermodynamics and Chemistry. (Burgess.) 8vo. 4 (X) 

Eflfront's Enzymes and their Applications. (Prescott.) . . .8vo, 3 00 

Eissler's Modem High Explosives 8vc, 4 00 

* Ekeley's Laboratory Manual of Inorganic Chemistry 12mo, 1 00 

* Fischer's Oedema 8vo, 2 00 

* Physiology of Alimentation Large 12mo, 2 00 

Fletcher's Practical Instructions in Quantitative Assaying with the Blowpipe. 

16mo. mor. 1 50 

Fowler's Sewage Works Analyses 12mo, 2 00 

Fresenius's Manual of Qualitative Chemical Analysis. (Wells.) 8vo, 5 00 

Manual of Qualitative Chemical Analysis. Part I. Descriptive. (Wells.)8vo, 3 00 
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Fuertes's Water and Public Health 12mo, 1 50 

Purman and Pardoe's Manual of Practical Assaying 8vo, 3 00 

* Getman's Exercises in Physical Chemistry 12mo, 2 00 

Giir? Gas and Fuel Analysis for Engineers 12mo, 1 25 

Gooch's Summary of Methods in Chemical Analysis. (In Press.) 

* Gooch and Browning's Outlines of Qualitative Chemical Analysis. 

Large 12mo, 1 25 

Grotenfelt's Principles of Modem Dairy Practice. (Woll.) 12mo, 2 00 

Groth's Introduction to Chemical Crystallography (Marshall) 12mo, 1 25 

* Hammarsten's Text-book of Physiological Chemistry. (Mandel.) 8vo, 4 00 

Hanausek's Microscopy of Technical Products. (Win ton.) 8vo, 5 00 

* Haskins and Macleod's Organic Chemistry 12mo, 2 00 

* Herrick's Denatured or Industrial Alcohol ,,.,, 8vo, 4 00 

Hinds's Inorganic Chemistry iSvc, 3 00 

* Laboratory Manual for Students I2mo, 1 00 

* HoUeman's Laboratory Manual of Organic Chemistry for Beginners. 

(Walker.) 12mo, 1 00 

Text-book of Inorganic Chemistry, ((hooper.) 8vo, 2 50 

Text-book of Organic Chemistry. (Walker and Mott.) 8vo, 2 50 

* (Ekeley) Laboratory Manual to Accompany HoUeman's Text-book of 

Inorganic Chemistry 12mo, 1 00 

Holley's Analysis of Paint and Varnish Products. (In Press.) 

* Lead and Zinc Pigments Large 12mo. 3 00 

Hopkins's Oil-chemists' Handbook 8vo 3 00 

Jackson's Directions for Laboratory Work in Physiological Chemistry. .8vo, 1 25 
Johnson's Rapid Methods for the Chemical Analysis of Special Steels, Steel- 

making Alloys and Graphite Large 12mo, 3 00 

Landauer's Spectrum Analysis. (Tingle.) 8vo» 3 (X) 

Lassar-Cohn's Application of Some General Reactions to Investigations in 

Organic Chemistry. (Tingle.) , 12mo, 1 00 
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Leach's Inspection and Analysis of Pood with Special Reference to State 

Control 8vo, 

Ldb's Electrochemistry of Organic Compounds. (Lrorenz.) 8vo, 

Lodge's Notes on Assaying and Metallurgical Laboratory Experiments.. 8 vo. 

Low's Technical Method of Ore Analysis 8vo, 

Lowe's Paint for Steel Structures 12mo, 

Lunge's Techno-chemical Analysis. (Cohn.) 12mo, 

* McKay and Larsen's Principles and Practice of Butter-making 8vo. 

Maire's Modem Pigments and their Vehicles 12mo, 

Mandel's Handbook for Bio-chemical Laboratory 12mo, 

* Martin's Laboratory Guide to Qualitative Analysis with the Blowpipe 

12mo, 

Mason's Examination of Water. (Chemical and Bacteriological.) l2mo, 

Water-supply. (Considered Principally from a Sanitary Standpoint.) 

8vo. 

* Mathewson's First Principles of Chemical Theory 8vo, 

Matthews's Laboratory Manual of Dyeing and Textile Chemistry 8vo, 

Textile Fibres. 2d Edition, Rewritten 8vo, 

* Meyer's Determination of Radicles in Carbon Compounds. (Tingle.) 

Third Edition 12mo, 

Miller's Cyanide Process 12mo, 

Manual of Assaying 12mo, 

Minet's Production of Aluminum and its Industrial Use. (Waldo.)... 12mo, 

* Mittelstaedt's Technical Calculations for Sugar Works. (Bourbakis.) 12mo, 
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* Moore's Experiments in Organic Chemistry 12mo, 
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Morse's Calculations used in Cane-sugar Factories 16mo, mor. 

* Muir's History of Chemical Theories and Laws 8vo, 

MuUiken's General Method for the Identification of Pure Organic Compounds. 

Vol. I. Compounds of Carbon with Hydrogen and Oxygen. Large 8vo, 

Vol. II. Nitrogenous Compounds. (In Preparation.) 

Vol. III. The Commercial Dyestuffs Large 8vo, 

* Nelson's Analysis of Drugs and Medicines 12mo, 

Ostwald's Conversations on Chemistry. Part One. (Ramsey.) 12mo, 

Part Two. (Tumbull.) 12mo. 

* Introduction to Chemistry. (Hall and Williams.) Large 12mo, 

Owen and Standage's Dyeing and Cleaning of Textile Fabrics 12mo, 

* Palmer's Practical Test Book of Chemistry 12mo, 

* Pauli's Physical Chemistry in the Service of Medicine. (Fischer.) . . 12mo, 
Penfield's Tables of Minerals, Including the Use of Minerals and Statistics 

of Domestic Production 8vo, 

Pictet's Alkaloids and their Chemical Constitution. (Biddle.) 8vo, 

Poole's Calorific Power of Fuels Svo, 

Prescott and Winslow's Elements of Water Bacteriology, with Special Refer- 
ence to Sanitary Water Analysis 12mo, 

* Reisig's Guide to Piece-Dyeing " Svo, 

Richards and Woodman's Air, Water, and Food from a Sanitary Stand- 
point ■ Svo. 

Ricketts and Miller's Notes on Assaying Svo, 

Rideal's Disinfection and the Preservation of Food. Svo, 

Riggs's Elementary Manual for the Chemical Laboratory Svo, 

Robine and Lenglen's Cyanide Industry. (Le Clerc.) Svo, 

Ruddiman't Incompatibilities in Prescriptions Svo, 

Whys in Pharmacy l2mo, 

* Ruer's Elements of Metallography. (Mathewson.) Svo, 

Sabin's Industrial and Artistic Technology of Paint and Varnish Svo, 

Salkowski's Physiological and Pathological Chemistry. (Omdorff.) Svo, 

* Schimpf's Essentials of Volumetric Analysis Large I2mo, 

Manual of Volumetric Analysis. (Fifth Edition, Rewritten) Svo, 

* Qualitative Chemical Analysis Svo, 

* Seamon's Manual for Assayers and Chemists Large I2mo, 

Smith's Lecture Notes on Chemistry for Dental Students Svo, 

Spencer's Handbook for Cane Sugar Manufacturers 16mo, mor. 
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Stockbridge*8 Rocks and Soils 8vo 

Stone's Practical Testing of Gas and Gas Meters 8vo 

* Tillman's Descriptive General Chemistry 8vo 

* Elementary Lessons in Heat 8vo 

Tread well's QualiUtive Analysis. (Hall.) 8vo 

Quantitative Analysis. (Hall.) 8vo 

Tumeaiire and' Russell's Public Water-supples 8vo 

Van Deventer's Physical Chemistry for Beginners. (Boxwood.) 12mo 

Venable's Methods and Devices for Bacterial Treatment of Sewage 8vo 

Ward and Whipple's Freshwater Biology. (In Press.) 

Ware's Beet-sugar Manufacture and Refining. Vol. 1 8vo 

Vol.11 8vo 

Washington's Manual of the Chemical Analysis of Rocks 8vo 

• Weaver's Military Explosives 8vo 

Wells's Laboratory Guide in Qualitative Chemical Analysis 8vo 

Short Course in Inorganic Qualitative Chemical Analysis for Engineering 
Students 12mo 

Text-book of Chemical Arithmetic 12mo 

Whipple's Microscopy of Drinking-water 8vo 

Wilson's Chlorination Process 12rao 

Cyanide Processes : 12mo 

Winton's Micnjscopy of Vegetable Foods 8vo 

Zsigmondy's CoUoids and the Ultramicroscope. (Alexander.).. Large 12mo 
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BRIDGES AND ROOFS. 

ING. 



CIVIL ENGINEERING. 

HYDRAULICS. MATERIALS OF ENGINEER. 
RAILWAY ENGINEERING. 



* American Civil Engineers' Pocket Book. (Mansfield Merriman, Editor- 

in-chief.) 16mo, mor. 5 00 

Baker's Engineers' Surveying Instruments 12mo, 3 00 

Bixby's Graphical Computing Table Paper 19 J X 24 i inches. 25 

Breed and Hosmer's Principles and Practice of Surveying. Vol. I. Elemen- 
tary Surveying 8vo, 3 00 

Vol. II. Higher Surveying 8vo, 2 50 

* Burr's Ancient and Modem Engineering and the Isthmian Canal 8vo, 3 50 

Comstock's Field Astronomy for Engineers 8 vo, 2 50 

* Corthell's Allowable Pressure on Deep Foundations 12mo, 1 25 

Crandall's Text-book on Geodesy and Least Squares 8vo, 3 00 

Davis's Elevation and Stadia Tables 8vo, 1 00 

* Eckel's Building Stones and Clays 8vo, 3 00 

Elliott's Engineering for Land Drainage 12mo, 2 00 

* Fiebeger's Treatise on Civil Engineering 8vOr 5 00 

Flemer's Phdtotopographic Methods and Instruments 8vo, 5 00 

Polwell's Sewerage. (Designing and Maintenance.) 8vo, 3 00 

Freitag's Architectural Engineering 8vo, 3 50 

French and Ives's Stereotomy 8vo, 2 50 

* Hauch and Rice's Tables of Quantities for Preliminary Estimates. . . 12mo, 1 25 

Hayford's Text-book of Geodetic Astronomy 8vo, 3 00 

Hering's Ready Reference Tables (Conversion Factors.) 16mo, mor. 2 50 

Hosmer's Azimuth 16mo, mor. 1 00 

* Text-book on Practical Astronomy 8vo, 2 00 

Howe's Retaining Walls for Earth 12mo, I 25 

* Ives's Adjustments of the Engineer's Transit and Level 16mo, bds. 0*25 

Ives and Hilts's Problems in Surveying, Railroad Surveying and Geod- 
esy. 16mo, mor. 1 50. 

* Johnson (J.B.) and Smith's Theory and Practice of Surveying . Large 12mo, 3 50 
Johnson's (L. J.) Statics by Algebraic and Graphic Methods 8vo, 2 00 

* Kinnicutt, Winslow and Pratt's Sewage Disposal 8vo, 3 00 

■"♦ Mahan's Descriptive Geometry 8vo, 1 50 

Merriman's Elements of Precise Surveying and Geodesy 8vo, 2 50 

Herriman and Brooks's Handbook for Surveyors 16mo, mor. 2 00 

Nugent's Plane Siu-veying 8vo, 3 50 

Ogden's Sewer Construction 8vo, 3 00 

Sewer Design 12mo. 2 00 



* Ogden and Cleveland's Practical Methods of Sewage DisiK>saI for Resi- 

dences, Hotels, and Institutions. 8vo, $1 50" 

Parsons's Disposal of Municipal Refuse .8yo, 2 00- 

Patton's Treatise on Civil Engineering 8vb, halfieafher, 7 60 

Reed's Topographical Drawing and Sketching :...'. .4to, 5 00 

Riemer's Shaft-sinking under Difficult Conditions. (Coming and Peele.).8vo. 3 OO 

Siebert and Biggin's Modem Stone-cutting and Masonry .8vo, 1 60 

Smith's Manual of Topographical Drawing. (McMillan.) 8vo, ' 2 60 

Soper's Air and Ventilation of Subways 12mo, 2 60 

* "Tracy's Exercises in Surveying l2mo, mor. 1 00 

Tracy's Plane Surveying 16mo, mor. 3 00 

Venable's Garbage Crematories in America 8'^'o, 2 00 

Methods and Devices for Bacterial Treatment of Sewage 8vo, 3 00 

Wait's Engineering and Architectural Jurisprudence 8vo, 6 00 

Sheep. 6 60 

Law of Contracts 8vo, 3 00 

Law of Operations Preliminary to Construction in Engineering and 

Architecture 8vo, 6 00 

Sheep, 5 60 

Warren's Stereotomy — Problems in Stone-cutting , . . 8vo, 2 60 

* Waterbury's Vest- Pocket Hand-book of Mathematics for Engineers. 

2iX6f inches, mor. 1 OO 

* Enlarged Edition. Including Tables n:or. I 60 

Webb's Problems in the Use and Adjustment of Engineering Instruments. 

16mo, mor. 1 26- 

Wilson's Topographic, Trigonometric and Geodetic Surveying 8vo, 3 60 

BRIDGES AND ROOFS. 

Boiler's Practical Treatise on the Construction of Iron Highway Bridges.. 8vo, 2 00 

* Thames River Bridge Oblong paper, 6 00 

Burr and Falk's Design and Construction of Metallic Bridges 8vo, 6 00 

Influence Lines for Bridge and Roof Computations 8vo, 3 00 

Du Bois's Mechanics of Engineering. Vol. II Small 4to, 10 00 

Foster's Treatise on Wooden Trestle Bridges 4to, 6 00 

Fowler's Ordinary Foundations .8vo, 3 60 

Greene's Arches in Wood, Iron, and Stone 8vo, 2 60 

Bridge Trusses 8vo, 2 60 

Roof Trusses 8vo, 1 25. 

Grimm's Secondary Stresses in Bridge Trusses 8vo, 2 60 

Heller's Stresses in Structures and the Accompanying Deformations. . . . 8vo, 3 OO 

Howe's Design of Simple Roof- trusses in Wood and Steel 8vo, 2 OO 

Symmetrical Masonry Arches 8vo, 2 60 

Treatise on Arches 8vo, 4 00 

* Hudson's Deflections and Statically Indeterminate Stresses Small 4to, 3 60 

* Plate Girder Design 8vo, 1 60 

* Jacoby's Structural Details, or Elements of Design in Heavy Framing, 8vo, 2 26. 
Johnson, Bryan and Tumeaure's Theory and Practice in the Designing of 

Modem Framed Structures Small 4to, 10 OO 

* Johnson, Bryan and Tumeaure's Theory and Practice in the Designing of 

Modern Framed Structures. New Edition. Part 1 8vo, 3 CX> 

* Part II. New Edition 8vo, 4 OO 

Merriman and Jacoby's Text-book on Roofs and Bridges: 

Part I. Stresses in Simple Trusses 8vo, 2 60 

Part II. Graphic Statics .8vo, 2 50 

Part III. Bridge Design 8vo, 2 60 

Part IV. Higher Structures 8vo, 2 60 

Ricker's Design and Construction of Roofs. (In Press.) • 

Sondericker's Graphic Statics, with Applications to 'Trusses, Beams, and 

Arches 8vo, 2 OO 

' Waddell's De Pontibus, Pocket-book for Bridge Engineers 16mo, mor. 2 00 

* Specifications for Steel Bridges .12mo, 60 

HYDRAULICS. 

Barnes's Ice Formation ' .8vo, 3 00 

Bazin's Experiments upon the Contraction of the Liquid Vein Issiuing* frohi 

' an Orifice. (Trautwine.) '8vo, 2 00 
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Bovey'8 Treatise on Hydraulics 8vo. $5 OQ 

Church's Diagrams of Mean Velocity of Water in Open Channels. 

Oblong 4to. paper. 1 50 

Hydraulic Motors 8vo. 2 00 

Mechanics of Fluids (Being Part IV of Mechanics of Engineering) . .8vo, 3 00 

Coffin's Graphical Solution of Hydraulic Problems 16mo, mor. 2 60 

Plather's Dynamometers, and the Measurement of Power 12mo. 3 00 

Folwell's Water-supply Engineering 8vo, 4 00 

Prisell's Water-power 8vo, 5 00 

Fuertes's Water and Public Health 12mo, 1 60 

Water-filtration Works 12mo. 2 60 

Ganguillet and Kutter's General Formula for the Uniform Plow of Water in 

Rivers and Other Channels. (Hering and Trautwine.) 8vo, 4 00 

Hazen's Clean Water and How to Get It Large 12mo, 1 50 

Filtration of Public Watcr-Lupplies 8vo. 3 00 

Hazelhurst's Towers and Tanks for Water- works 8vo 2 50 

Herschel's 1 15 Experiments on the Carrying Capacity of Large, Riveted. Metal 

Conduits 8vo. 2 00 

Hoyt and Grover's River Discharge 8vo, 2 00 

Hubbard and Kiersted's Water-works Management and Maintenance. 

8vo, 4 00 

* Lyndon's Development and Electrical Distribution of Water Power. 

8vo. 3 00 
Mason's Water-supply. (Considered Principally from a Sanitary Stand- 
point.) 8vo, 

* Merriman's Treatise on Hydraulics. 9th Edition, Rewritten 8vo, 

* Molitor's Hydraulics of Rivers, Weirs and Sluices 8vo, 

* Morrison and Brodie's High Masonry Dam Design 8vo, 

* Richards's Laboratory Notes on Industrial Water Analysis 8vo. 

Schuyler's Reservoirs for Irrigation, Water-power, and Domestic Water- 
supply. Second Edition, Revised and Enlarged Large 8vo, 

* Thomas and Watt's Improvement of Rivers 4to, 

Tumeaure and Russell's Public Water-supplies 8vo, 

* Wegmann's Design and Construction of Dams. 6th Ed., enlarged 4to, 

Water-Supply of the City of New York from 1658 to 1895 4to, 

Whipple's Value of Pure Water Large 12mo, 

Williams and Hazen's Hydraulic Tables 8vo, 

Wilson's Irrigation Engineering 8vo, 

Wood's Turbines 8vo. 



MATERIALS OF ENGINEERING. 

Baker's Roads and Pavements 8vo, 

Treatise on Masonry Construction 8vo, 

Black's United States Public Works Oblong 4to. 

* Blanchard and Drowne's Highway Engineering, as Presented at the 

Second International Road (Congress, Brussels. 1910 8vo, 

Bleininger's Manufacture of Hydraulic Cement. (In Preparation.) 

* Bottler's German and American Varnish Making. (Sabin.) . . Large 12mo, 

Burr's Elasticity and Resistance of the Materials of Engineering 8vo, 

Byrne's Highway Construction 8vo, 

Inspection of the Materials and Workmanship Employed in Construction. 

16mo, 

Church's Mechanics of Engineering 8vo, 

Mechanics of Solids (Being Parts I, II, III of Mechanics of Engineer- 
ing 8vo, 4 50 

Du Bois's Mechanics of Engineering. 

Vol. I. Kinematics, Statics. Kinetics Small 4to, 7 50 

Vol. II. The Stresses in Framed Structures, Strength of Materials and 

Theory of Flexures Small 4to, 10 00 

* Eckel's Building Stones and Clays 8vo, 3 00 

* Cements, Limes, and Plasters 8vo, 6 00 

Fowler's Ordinary Foundations 8vo, 3 50 

* Greene's Structural Mechanics 8 vo, 2 50 

Holley's Analysis of Paint and Varnish Products. (In Press.) 

* Lead and Zinc Pigments Large 12mo, 3 00 
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* Hubbard's Dust Preventives and Road Binders Svo, $3 00 

Johnson's (C. M.) Rapid Methods for the Chemical Analysis of Special Steels. 

Steel-making Alloys and Graphite Large 12mo, 

Johnson's (J. B.) Materials of Construction » Large Svo, 

Keep's Cast Iron 8vo, 

Lanza's Applied Mechanics 8vo, 

Lowe's Paints for Steel Structures .* 12mo. 

Maire's Modem Pigments and their Vehicles 12mo, 

* Martin's Text Book on Mechanics. Vol. I. Statics 12mo, 

* Vol. II. Kinematics and Kinetics 12mo, 

* Vol. III. Mechanics of Materials ]2mo, 

Maurer's Technical Mechanics Svo, 

Merrill's Stones for Building and Decoration Svo, 

Merriman's Mechanics of Materials Svo, 

* Strength of Materials 12mo, 

Metcalf 's Steel. A Manual for Steel-users 12mo, 

Morrison's Highway Engineering « . . . . Svo, 

* Murdock's Strength of Materials 12mo, 

Patton's Practical Treatise on Foundations Svo, 

Rice's Concrete Block Manufacture Svo, 

Richardson's Modem Asphalt Pavement Svo, 

Richey's Building Foreman's Pocket Book and Ready Reference. 16mo, mor. 

* Cement Workers' and Plasterers' Edition (Building Mechanics' Ready 

Reference Series) 16mo, mor. 

Handbook for Superintendents of Construction 16mo, mor. 

* Stone and Brick Masons' Edition (Building Mechanics' Ready 

Reference Series) 16mo, mor. 

* Ries's Clays : Their Occurrence, Properties, and Uses Svo, 

* Ries and Leigh ton's History of the Clay- working Industry of the United 

States Svo, 

Sabin's Industrial and Artistic Technology of Paint and Varnish Svo, 

* Smith's Strength of Material 12mo, 

Snow's Principal Species of Wood Svo, 

Spalding's Hydraulic Cement 12mo, 

Text-book on Roads and Pavements 12mo, 

* Taylor and Thompson's Concrete Costs Small Svo, 

* Extracts on Reinforced Concrete Design Svo, 

Treatise on Concrete, Plain and Reinforced Svo, 

Thurston's Materials of Engineering. In Three Parts Svo, 

Part I. Non-metallic Materials of Engineering and Metallurgy.. . .Svo, 

Part II. Iron and Steel Svo, 

Part III. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents Svo, 

Tillson's Street Pavements and Paving Materials Svo, 

Tumeaure and Maurer's Principles of Reinforced Concrete Construction. 

Second Edition. Revised and Enlarged Svo, 

Waterbury's Cement Laboratory Manual 12mo, 

* Laboratory Manual for Testing Materials of Construction 12mo, 

Wood's (De V.) Treatise on the Resistance of Materials, and an Appendix on 

the Preservation of Timber Svo, 2 00 

Wood's (M. P.) Rustless Coatings: Corrosion and Electrolysis of Iron and 

Steel Svo, 4 00 

RAILWAY ENGINEERING. 

Andrews's Handbook for Street Railway Engineers 3X5 inches, mor. 1 25 

Berg's Bmldings and Structures of American Railroads 4to, 5 00 

Brooks's Handbook of Street Railroad Location 16mo, mor. I 60 

* Burt's Railway Station Service l2mo, 2 00 

Butts's Civil Engineer's Field-book 16mo, mor. 2 50 

Crandall's Railway and Other Earthwork Tables Svo, 1 50 

Crandall and Barnes's Railroad Surveying 16mo, mor. 2 00 

* Crockett's Methods for Earthwork Computations Svo, 1 50 

Dredge's History of the Pennsylvania Railroad. (1S79) Paper, 5 00 

Fisher's Table of Cubic Yards Cardboard, 25 

* Gilbert Wightman and Saunders's Subways and Tunnels of New York. Svo, 4 00 
Godwin's Railroad Engineers' Field-book and Explorers' Guide. . 16mo, mor. 2 50 
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Hudson's Tables for Calculating the Cubic Contents of Excavations and Bm- 

bankments Vvo. 

Ives and Hilts's Problems in Surveying, Railroad Survesring an<I Geodesy 

lAmo, mor. 

Molitor and Beard's Manual for Resident Engineers 16mo, 

Nagle's Field Manual for Railroad Engineers lOmo, mor. 

* Orrock's Railroad Structures and Estimates 8vo, 

Philbrick's Field Manual for Engineers 16mo, mor. 

Raymond's Railroad Field Geometry 16mo, mor. 

Elements of Railroad Engineering 8vo, 

Railroad Engineer's Field Book. (In Preparation.) 

Roberts' Track Formulae and Tables lOmo. mor. 

Searles's Field Engineering.. 16mo, mor. 

Railroad SpiraL 16mo, mor. 

Taylor's Prismoidal Formula and Earthwork 8vo, 

Webb's Economics of Railroad Construction Large 12mo. 

Railroad Construction 16mo, mor. 

Wallington's Economic Theory of the Location of Railways Large 12mo, 

Wilson's Elements of Railroad-Track and Construction 12rao, 

DRAWING. 

Barr and Wood's Kinematics of Machinery Svo, 

* Bartlett's Mechanical Drawing Svo, 

* " •• •• Abridged Ed Svo. 

* Bartlett and Johnson's Engineering Descriptive Geometry Svo, 

Blessing and Darling's Descriptive Geometry. (In Press.) 

Elements of Drawing. (In Press.) 

(k)olidge's Manual of Drawing Svo, paper, 

(^oolidge and Freeman's Elements of General Drafting for Mechanical Engi- 
neers Oblong 4to 

Durley's ICinematics of .Machines Svo 

Emch's Introduction to Projective Geometry and its Application Svo 

Hill's Text-book on Shades and Shadows, and Perspective Svo 

Jamison's Advanced Mechanical Drawing. Svo 

Elements of Mechanical Drawing Svo 

Jones's Machine Design: 

Part I. Kinematics of Machinery Svo 

Part II. Form, Strength, and Proportions of Parts .Svo 

* Kimball and Barr 's Machine Design Svo 

MacCord's Elements of Descriptive Geometry Svo 

Kinematics; or, Practical Mechanism Svo 

Mechanical Drawing 4to 

Velocity Diagrams Svo 

McLeod's Descriptive Geometry Large 12mo 

* Mahan's Descriptive Geometry and Stone-cutting Svo 

Industrial Drawing. (Thompson.) Svo 

Moyer's Descriptive Geometry 3vo 

Reed's Topographical Drawing and Sketching 4to 

* Reid's Mechanical Drawing. (Elementary and Advanced.) Svo 

Text-book of Mechanical Drawing and Elementary Machine Design.. Svo 

Robinson's Principles of Mechanism .«• Svo 

Schwamb and Merrill's Elements of Mechanism Svo 

Smith (A. W.) and Marx's Machine Design Svo 

Smith's (R. S.) Manual of Topographical Drawing. (McMillan.) Svo 

* Titsworth's Elements of Mechanical Drawing Oblong Svo 

Tracy and North's Descriptive Geometry. (In Press.) 

Warren's Elements of Descriptive Geometry, Shadows, and Perspective. . Svo 

Elements of Machine Construction and Drawing Svo 

Elements of Plane and Solid Free-hand Geometrical Drawing. . . . 12mo 

General Problems of Shades and Shadows Svo 

Manual of Elementary Problems in the Linear Perspective of Forms and 

Shadow 12mo 

Manual of Elementary Projection Drawing. 12mo 

Plane Problems in Elementary Geometry 12mo 

Weisbach's Kinematics and Power of "Transmission, (Hermann and 
Klein.) Svo 

Wilson's (H. M.) Topographic Surveying .* 8vo 
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♦Wilson's (V. T.) Descriptive Geometry 8vo, Si 50 

Free-hand LetterinR 8vo, 1 00 

Pree-hand Perspective 8vo, 2 50 

Woolf's Elementary Course in Descriptive Geometry Large 8vo, 3 00 

ELECTRICITY AND PHYSICS. 

* Abegg's Theory of Electrolytic Dissociation, (von Ende.) 12mo, 

Andrews's Hand-book for Street Railwa y Engineers 3X5 inches mor. 

Anthony and Ball's Lecture-notes on the Theory of Electrical Measure- 
ments 12mo, 

Anthony and Brackett's Text-book of Physics. (Magie.). .. .Large 12mo, 

Benjamin's History of Electricity 8vo, 

Betts's Lead Refining and Electrolysis , 8vo, 

* Burgess and Le Chatelier's Measurement of High Temperatures. Third 

Edition .' 8vo, 

Classen's Quantitative Chemical Analysis by Electrolysis. (Boltwood.).8vo, 

* Collins's Manual of Wireless Telegraphy and Telephony 12mo, 

Crehore and Squier's Polarizing Photo-chronograph 8vo, 

* Danneel's Electrochemistry. (Merriam.) 12mo, 

Dawson's "Engineering" and Electric Traction Pocket-book. . . . 16mo, mor. 
Dolezalek's Theory of the Lead Accumulator (Storage Battery), (von Ende.) 

12mo, 

Duhem's Thermodynamics and Chemistry. (Burgess.) 8vo, 

Flather's Dynamometers, and the Measurement of Power 12mo, 

* Getman's Introduction to Physical Science 12mo, 

Gilbert's De Magnete. (Mottelay ) 8vo, 

* Hanchett's Alternating Currents 12mo, 

Hering's Ready Reference Tables (Conversion Factors) IGmo, mor. 

* Hobart and Ellis's High-speed Dynamo Electric Machinery 8vo, 

Holman's Precision of Measurements 8vo, 

Telescope-Mirror-scale Method, Adjustments, and Tests Large 8vo, 

* Hutchinson's High-Efficiency Electrical Illuminants and Illumination. 

Large 12mo, 

* Jones's Electric Ignition Syo, 

Karapetoff's Experimental Electrical Engineering: 

* Vol. 1 8vo. 

* Vol. II 8vo, 

Kinzbrunner's Testing of Continuous-current Machines 8vo, 

* Koch's Mathematics of Applied Electricity Small 8vo, 

Landauer's Spectrum Analysis. (Tingle.) 8vo, 

* Lauffer's Electrical Injuries IGmo, 

Lob's Electrochemistry of Organic Compounds. (Lorenz.) 8vo, 

* Lyndon's Development and Electrical Distribution of Water Power. .8vo, 

* Lyons's Treatise on Electromagnetic Phenomena. Vols, I. and II. 8vo, each, 

* Michie's Elements of Wave Motion Relating to Sound and Light 8vo, 

* Morgan's Physical Chemistry for Electrical Engineers 12mo, 

* Morris's Introduction to the Study of Electrical Engineering 8vo, 

Norris and Dennison's Course of Problems on the Electrical Characteristics of 

Circuits and Machines. (In Press.) 

* Parshall and Hobart's Electric Machine Design 4to, half mor, 12 50 

Reagan's Locomotives: Simple, Compound, and Electric. New Edition. 

Large 12mo, 3 50 

* Rosenberg's Electrical Engineering. (Haldane Gee — Kinzbrunner.) . .8vo, 2 00 

* Ryan's Design of Electrical Machinery: 

* Vol. I. Direct Current Dynamos 8vo, 1 50 

Vol. II. Alternating Current Transformers 8vo, I 50 

Vol. III. Alternators, Synchronous Motors, and Rotary Converters. 

(In Preparation.) 

Ryan, Norris, and Hoxie's Text Book of Electrical Machinery 8vo, 2 50 

Schapper's Laboratory Guide for Students in Physical Chemistry 12mo, 1 00 

* Tillman's Elementary Lessons in Heat 8vo, 1 50 

* Timbie's Elements of Electricity Large 12mo, 2 00 

* Answers to Problems in Elements of Electricity 12mo, Paper 25 

Tory and Pitcher's Manual of Laboratory Physics Large 12mo, 2 00 

Ulke's Modem Electrolytic Copper Refining 8vo, o 00 

* Waters's Commercial Dynamo Design 8vo, 2 00 
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LAW. 

* Brennan's Hand-book of Useful Legal Information for Business Men. 

16mo, mor. 

* Davis's Elements of Law 8vo, 

* Treatise on the Military Law of United States. ; 8vo, 

* Dudley's Military Law and the Procedure of Courts-martial. . Large 12mo. 

Manual for Courts-martial 16mo, mor. 

Wait's Engineering and Architectural Jurisprudence 8vo, 

Sheep, 

Law of Contracts 8vo, 

Law of Operations Preliminary to Construction in Engineering and 
Architecture 8vo, 

Sheep. 

MATHEMATICS. 

Baker's Elliptic Functions 8vo, 

Briggs's Elements of Plane Analytic Geometry. (B6cher.) 12mo, 

* Buchanan's Plane and Spherical Trigonometry 8vo, 

Byerly's Harmonic Functions 8vo, 

Chandler's Elements of the Infinitesimal Calculus 12mo, 

* Coffin's Vector Analysis 12mo, 

Compton's Manual of Logarithmic Computations 12mo, 

* Dickson's College Algebra Large 12mo, 

* Introduction to the Theory of Algebraic E(iuations Large 12mo, 

Emch's Introduction to Projective Geometry and its Application 8vo, 

Fiske's Functions of a Complex Variable Svo, 

Halsted's Elementary Synthetic Geometi^y 8vo, 

Elements of Geometry Svo, 

* Rational Geometry 12mo, 

Synthetic Projective Geometry Svo, 

* Hancock's Lectures on the Theory of Elliptic Functions Svo, 

Hyde's Grassmann's Space Analysis Svo, 

* Johnson's (J. B.) Three-place Logarithmic Tables: Vest-pocket size, paper, 

* 100 copies, 
* Mounted on heavy cardboard, S X 10 inches, 

* 10 copies, 
Johnson's (W. W.) Abridged Editions of Differential and Integral Calculus. 

Large 12mo, 1 vol. 

Curve Tracing in Cartesian Co-ordinates 12mo, 

Differential Equations Svo, 

Elementary Treatise on Differential Calculus Large 12mo, 

Elementary Treatise on the Integral Calculus Large 12mo, 

* Theoretical Mechanics 12mo, 

Theory of Errors and the Method of Least Squares 12mo, 

Treatise on Differential Calculus Large 12mo, 

Treatise on the Integral Calculus Large 12mo, 

Treatise on Ordinary and Partial Differential Equations. . .Large 12mo. 

Karapetoff's Engineering Applications of Higher Mathematics: 

* Part I. Problems on Machine Design Large 12mo, 

* Koch's Mathematics of Applied Electricity Svo, 

Laplace's Philosophical Essay on Probabilities. (Truscott and Emory.) . 12mo, 

* Le Messurier's Key to Professor W. W. Johnson's Differential Equations. 

Small Svo, 

* Ludlow's Logarithmic and Trigonometric Tables Svo, 

* Ludlow and Bass's Elements of Trigonometry and Logarithmic and Other 

Tables Svo, 

* Trigonometry and Tables published separately Each, 

Macfarlane's Vector Analysis and Quaternions Svo, 

McMahon's Hyperbolic Functions Svo, 

Manning's Irrational Numbers and their Representation by Sequences and 

Series 12mo, 

* Martin's Text Book on Mechanics. Vol. I. Statics 12mo. 

* Vol. II. Kinematics and Kinetics 12mo. 

* Vol. III. Mechanics of Materials 12mo. 
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Mathematical Monographs. Edited by Mansfield Merriman and Robert 

S. Woodward Octavo, each SI 00 

No. 1. History of Modem Mathematics, by David Eugene Smith. 
No. 2. Synthetic Projective Geometry, by George Bruce Halsted. • 
No. 3. Determinants, by Laenas Gifford Weld. No. 4. Hyper- 
bolic Functions, by James McMahon. No. 6. Harmonic Func- 
tions, by William E., Byerly. No. 6. Grassmann's Space Analysis, 
by Edward W. Hyde. No. 7. Probability and Theory of Errors, 
by Robert S. Woodward. No. 8. Vector Analysis and Quaternions, 
by Alexander Macfarlane. No. 0. Differential Equations, by 
William Woolsey Johnson. No. 10. The Solution of Equations, 
by Mansfield Merriman. No. 11. Functions of a Complex Variable, 
by Thomas S. Fiske. 

Matu^r's Technical Mechanics 8vo. 4 00 

Merriman's Method of Least Squares 8vo, 2 00 

Solution of Equations 8vo. 1 00 

* Moritz's Elements of Plane Trigonometry 8vo, 2 00 

Rice and Johnson's Differential and Integral Calculus. 2 vols, in one. 

Large 12mo, 1 50 

Elementary Treatise on the Differential Calculus Large 12mo. 3 00 

Smith's History of Modem Mathematics 8vo, 1 00 

* Veblen and Lennes's Introduction to the Real Infinitesimal Analysis of One 

Variable 8vo. 2 00 

* Waterbury's Vest Pocket Hand-book of Mathematics for Engineers. 

2iX6| inches, mor. 1 00 

* Enlarged Edition, Including Tables mor. 1 60 

Weld's Determinants ' 8vo, 1 00 

Wood's Elements of Co-ordinate Geometry 8vo, 2 00 

Woodward's Probability and Theory of Errors 8vo. 1 00 

MECHANICAL ENGINEERING. 

MATERIALS OF ENGINEERING. STEAM-ENGINES AND BOILERS. 

Bacon's Forge Practice 12mo. 1 50 

Baldwin's Steam Heating for Buildings 12mo, 2 50 

Barr and Wood's Kinematics of Machinery 8vo. 2 50 

* Bartlett's Mechanical Drawing 8vo, 3 00 

* " " " Abridged Ed 8vo. 1 50 

* Bartlett and Johnson's Engineering Descriptive Geometry 8vo, 1 50 

* Burr's Ancient and Modern Engineering and the Isthmian Canal 8vo, 3 50 

Carpenter's Heating and Ventilating Buildings 8vo. 4 00 

* Carpenter and Diederichs's Experimental Engineering 8vo, 6 00 

* Clerk's The Gas, Petrol and Oil Engine 8vo, 4 00 

Compton's First Lessons in Metal Working 12mo, 1 50 

Compton and De Groodt's Speed Lathe 12mo, 1 50 

Coolidge's Manual of Drawing 8vo, paper, 1 00 

Coolidge and Freeman's Elements of General Drafting for Mechanical En- 
gineers Oblong 4to, 2 50 

Cromwell's Treatise on Belts and Pulleys 12mo, 1 50 

Treatise on Toothed Gearing 12mo, 1 50 

Dingey's Machinery Pattern Making 12mo, 2 00 

Durley's Kinematics of Machines 8vo, 4 00 

Flanders's Gear-cutting Machinery Large 12mo, 3 00 

Flather's Dynamometers and the Measurement of Power 12mo. 3 00 

Rope Driving 12mo. 2 00 

Gill's Gas and Fuel Analysis for Engineers 12mo, 1 25 

Goss's Locomotive Sparks 8vo, 2 00 

* Greene's Pumping Machinery 8vo, 4 00 

Hering's Ready Reference Tables (Conversion Factors) 16mo, mor. 2 50 

" Hobart and Ellis's High Speed Dynamo Electric Machinery 8vo, 6 00 

Button's Gas Engine 8vo. 5 00 

Jamison's Advanced Mechanical Drawing 8vo, 2 00 

Elements of Mechanical Drawing 8vo. 2 50 

Jones's Gas Engine -:.8vo, 4 00 

Machine Design: 

Part I. Kinematics of Machinery 8vo, 1 58 

Part II. Form, Strength, and Proportions of Parts 8vo. '^ 00 
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* Kaup's Machine Shop Practice Large 12mo Si 25 

* Kent's Mechanical Engineer's Pocket- Book 16mo, mor. 5 00 

Kerr's Power and Power Transmission 8vo, 2 00 

* Kimball and Barr's Machine Design 8vo, 3 00 

* King's Elements of the Mechanics of Materials and of Power of Trans- 

mission 8vo, 2 50 

* Lanza's Dynamics of Machinery Svo, 2 50 

Leonard's Machine Shop Tools and Methods Svo, 4 00 

* Levin's Gas Engine Svo, 4 00 

* Lorenz's Modem Refrigerating Machinery. (Pope, Haven, and Dean).. Svo, 4 00 
MacCord's Kinematics; or. Practical Mechanism Svo, 5 00 

Mechanical Drawing 4to, 4 00 

Velocity Diagrams Svo, 1 50 

MacFarland's Standard Reduction Factors for Gases Svo, 1 50 

Mahan's Industrial Drawing. (Thompson.) Svo. 3 50 

Mehrtens's Gas Engine Theory and Design Large 12mo, 2 50 

Miller, Berry, and Riley's Problems in Thermodynamics and Heat Engineer- 

inj Svo, paper, 75 

Oberg's Handbook of Small Tools Large 12mo, 2 50 

* Parshall and Hobart's Electric Machine Design. Small 4to. half leather, 12 50 

* Peele's Compressed Air Plant. Second Edition, Revised and Enlarged . Svo, 3 50 

* Perkins's Introduction to General Thermodynamics 12mo. 1 50 

Poole's Calorific Power of Fuels Svo, 3 00 

* Porter's Engineering Reminiscences. 1S55 to 1SS2 Svo, 3 00 

Randall's Treatise on Heat. (In Press.) 

* Reid's Mechanical Drawing. (Elementary and Advanced.) Svo, 2 00 

Text-book of Mechanical Drawing and Elementary Machine Design.Svo. 3 00 

Richards's Compressed Air 12mo, 1 50 

Robinson's Principles of Mechanism Svo, 3 00 

Schwamb and Merrill's Elements of Mechanism Svo, 3 00 

Smith (A. W.) and Marx's Machine Design Svo, 3 00 

Smith's (O.) Press-working of Metals." Svo, 3 00 

Sorel's Carbureting and Combustion in Alcohol Engines. (Woodward and 

Preston.) Large 12mo, 3 00 

Stone's Practical Testing of Gas and Gas Meters Svo, 3 50 

Thurston's Animal as a Machine and Prime Motor, and the Laws of Energetics. 

12mo, 1 00 

Treatise on Friction and Lost Work in Machinery and Mill Work . . . Svo, 3 00 

* Tillson's Complete Automobile Instructor 16mo, 1 50 

* Titsworth's Elements of Mechanical Drawing Oblong Svo, 1 25 

Warren's Elements of Machine Construction and Drawing Svo, 7 50 

* Waterbury's Vest Pocket Hand-book of Mathematics for Engineers. 

2JX5I inches, mor. 100 

* Enlarged Edition, Including Tables mor. 1 50 

Weisbach's Kinematics and the Power of Transmission. (Herrmann — 

Klein.) Svo. 5 00 

Machinery of Transmission and Governors. (Hermann — Klein.). .Svo, 5 00 

Wood's Turbines Svo, 2 50 

MATERIALS OF ENGINEERING. 

Burr's Elasticity and Resistance of the Materials of Engineering. .... . .Svo, 7 50 

.Church's Mechanics of Engineering Svo, 6 00. 

Mechanics of Solids (Being Parts I, II, III of Mechanics of Engineering). 

Svo, 4 50 

* Greene's Structural Mechanics Svo, 2 50 

>Holley's Analysis of Paint and Varnish Products. (In Press.) 

* Lead and Zinc Pigments Large 12mo. 3 00 

Johnson's (C. M.) Rapid Methods for the Chemical Analysis of Special 

Steels, Steel-Making Alloys and Graphite Large 12mo, 3 00 

Johnson's (J. B.) Materials of Construction Svo, 6 00 

Keep's Cast Iron Svo, 2 50 

* Kingis Elements of the Mechanics of Materials and of Power of Trans- 

. mission Svo, 2 50 

Lanza's Applied Mechanics Svo, 7 50 

Lowe's Paints for Steel Structures 12mo, 1 00 

•Maire's Modem Pigments and their Vehicles 12mo, 2 00 
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Maurer's Technical Mechanics 8vo, 

Merriman's Mechanics of Materials 8vo, 

* Strength of Materials 12mo. 

Metcalf's Steel. A Manual for Steel-users 12mo. 

* Murdock's Strength of Materials 12mo, 

Sabin's Industrial and Artistic Technology of Paint and Varnish 8vo. 

Smith's (A. W.) Materials of Machines 1 2mo. 

* Smith's (H. E.) Strength of Material 12mo.^ 

Thurston's Materials of Engineering 3 vols., 8vo. 

Part I. Non-metallic Materials of Engineering 8vo, 

Part II. Iron and Steel 8vo. 

Part III. A Treatise on Brasses. Bronzes, and Other Alloys and their 
Constituents 8vo, 

* Waterbury's Laboratory Manual for Testing Materials of Construction. 

I2mo, 

Wood's (De V.) Elements of Analytical Mechanics 8vo. 

Treatise on the Resistance of Materials and an Appendix on the 

Preservation of Timber 8vo. 2 00 

Wo-d's (M. P.) Rustless Coatings* Corrosion and Electrolysis of Iron and 

Steel 4 8vo. 4 00 

STEAM-ENGINES AND BOILERS. 

Berry's Temperature-entropy Diagram. Third Edition Revised and En- 
larged 12mo. 

Camot's Reflections on the Motive Power of Heat. (Thurston.) 12mo. 

Chase's Art of Pattern Making 12mo, 

Creigh ton's Steam-engine and other Heat Motors 8vo, 

Dawson's "Engineering" and Electric Traction Pocket-book. .. . lOmo. mor. 

* Gebhardt's Steam Power Plant Engineering 8vo, 

Ooss's Locomotive Performance 8vo, 

Hemenway's Indicator Practice and Steam-engine Economy 12mo, 

-Hirshfeld and Barnard's Heat Power Engineering. (In Press.) 

Hutton's Heat and Heat-engines 8vo, 

Mechanical Engineering of Power Plants 8vo, 

Kent's Steam Boiler Economy Svo, 

Kneass's Practice and Theory of the Injector Svo, 

MacCord's Slide-valves Svo, 

Meyer's Modem Locomotive Construction 4to. 

filler. Berry, and Riley's Problems in Thermodynamics Svo, paper, 

Moyer's Steam Turbine Svo, 

Peabody's Manual of the Steam-engine Indicator 12mo, 

Tables of the Properties of Steam and Other Vapors and Temperature- 
Entropy Table Svo. 

Thermodynamics of the Steam-engine and Other Heat-engines. . . . Svo. 

* Thermodynamics of the Steam Turbine Svo, 

Valvt-gears for Steam-engines Svo, 

Peabody and Miller's Steam-boilers Svo, 

"* Perkins's Introduction to General Thermodynamics 12mo. 

Pupin's Thermodynamics of Reversible Cycles in Gases and Saturated Vapors. 

(Osterberg.) 12mo, 

Reagan '« Locomotives: Simple, Compound, arid Electric. New Edition. 

Large 12mo, 

Sinclair's Locomotive Engine Running and Management 1 2mo, 

■Smart's Handbook of Engineering Laboratory Practice 12mo, 

Snow's Steam-boiler Practice Svo, 

Spangler's Notes on Thermodynamics 12mo, 

Valve-gears. Svo, 

Spangler, Greene, and Marshall's Elements of Steam-engineering Svo, 

Thomas's Steam-turbines Svo, 

Thurston's Handbook of Engine and Boiler Trials, and the Use of the Indi- 
cator and the Prony Brake •. Svo, 

Manual of Steam-boilers, their Designs. Construction, and Operation Svo, 

Manual of the Steam-engine 2 vols., Svo, 

Part I. History, Structure, and Theory Svo, 

Part II. Design, Construction, and Operation Svo, 
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Wehrenfennig's Analysis and Softening of Boiler Feed-water. (Patterson.) 

8vo. $4 00 

Weisbach's Heat, Steam, and Steam-engines. (Du Bois.) 8vo. 5 00 

Whitham's Steam-engine Design 8vo. 5 00 

Wood's Thermodynamics, Heat Motors, and Refrigerating Machines. . .8vo, 4 00 

MECHANICS PURE AND APPLIED. 

Church s Mechanics of Engineering 8vo, 

Mechanics of Fluids (Being Part IV of Mechanics of Engineering). . 8vo, 

* Mechanics of Internal Work 8vo, 

Mechanics of Solids (Being Parts I, II, III of Mechanics of Engineering). 

8vo. 

Notes and Examples in Mechanics 8vo, 

Dana's Text-book of Elementary Mechanics for Colleges and Schools .12mo, 
Du Bois's Elementary Principles of Mechanics: 

Vol. I. Kinematics 8vo, 

Vol. II. Statics 8vo, 

Mechanics of Engineering. Vol. I Small 4to, 

Vol. II Small 4to. 

* Greene's Structural Mechanics 8vo, 

* Hartmann's Elementary Mechanics for Engineering Students 12mo, 

James's Kinematics of a Point and the Rational Mechanics of a Particle. 

Large 12mo. 

* Johnson's (W. W.) Theoretical Mechanics 12mo, 

* Kihg's Elements of the Mechanics of Materials and of Power of Trans-. 

mission 8vo, 

Lanza's Applied Mechanics 8vo, 

* Martin's Text Book on Mechanics, Vol. I, Statics 12mo, 

* Vol. II. Kinematics and Kinetics 12mo, 

* Vol. III. Mechanics of Materials 12mo, 

Maurer's Technical Mechanics 8vo, 

* Merriman's Elements of Mechanics 12mo, 

Mechanics of Materials 8vo, 

* Michie^s Elements of Analytical Mechanics 8vo, 

Robinson's Principles of Mechanism 8vo, 

Sanborn's Mechanics Problems Large 12mo, 

Schwamb and Merrill's Elements of Mechanism 8vo, 

Wood's Elements of Analytical Mechanics 8vo, 

Principles of Elementary Mechanics 12mo, 

MEDICAL. 

* Abderhalden's Physiological Chemistry in Thirty Lectures. (Hall and 

Defren.) 8vo, 6 00 

von Behring's Suppression of Tuberculosis. (Bolduan.) 12mo, 1 00 

* Bolduan's Immune Sera 12mo, 1 60 

Bordet's Studies in Immunity. (Gay.) 8vo, 6 00 

* Chapin's The Sources and Modes of Infection Large 12mo, 3 (X) 

Davenport's Statistical Methods with Special Reference to Biological Varia- 
tions I6mo, mor. 1 50 

Ehrlich's Collected Studies on Immunity. (Bolduan.) 8vo. 6 00 

* Fischer's Nep&ritis Large 12mo, 2 50 

* Oedema 8vo, 2 00 

* Physiology of Alimentation Large 12mo, 2 00 • 

* de Fursac's Manual of Psychiatry. (Rosanoff and Collins.) . . .Large 12mo, 2 50 

* Hammarsten's Text-book on Physiological Chemistry. (Mandel.).. . .8vo, 4 00 
Jackson's Directions for Laboratory Work in Physiological Chemistry. .8vo, 1 26 
Lassar-Cohn's Praxis of Urinary Analysis. (Lorenz.) 12mo, I 00 

* Lauffer's Electrical Injuries 16mo, 50 

Mandel's Hand-book for the Bio-Chemical Laboratory 12mo. 1 50 

* Nelson's Analysis of Drugs and Medicines l2mo, 3 00 

* Pauli's Physical Chemistry in the Service of Medicine. (Fischer. )..12mo, 1 26 

* Pozzi-Escot's Toxins and Venoms and their Antibodies. (Cohn.). . 12mo, 1 00 

Rostoski's Serum Diagnosis. (Bolduan.) 12mo, 1 00 

Ruddiman's Incompatibilities in Prescriptions 8vo, 2 00 

Whys in Pharmacy 12mo, 1 00 

Salkowski's Physiological and Pathological Chemistry. (Omdorff.) .. ..8vo, 2 50 
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* Satterlee's Outlines of Human Embryology 12mo, $1 25 

Smith's Lecture Notes on Chemistry for Dental Students 8vo, 2 50 

* Whipple's Tyhpoid Fever Large 12mo, 3 00 

* Woodhull's Military Hygiene for Officers of the Line Large 12mo, 1 50 

* Personal Hygiene 12mo, 1 00 

Worcester an^ At^nson's Small Hospitals Establishment and Maintenance, 
and Iguggestions for Hospi;sd Architecture, with Plans for a Small 

Hospital 12mo. 1 25 

METALLURGY. 

Betts's Lead Refining by Electrolysis 8vo, 4 00 

Bolland's Encycloi>edia of Founding and Dictionary of Foundry Terms used 

in the Practice of Moulding 12mo. 3 00 

Iron Founder 12mo, 2 50 

Supplement 12mo, 2 50 

* Borchers's Metallurgy. (Hall and Hayward.) 8vo, 3 00 

* Burgess and Le Chatelier's Measurement of High Temperatures. Third 

Edition Svo, 4 00 

Douglas's Untechnical Addresses on Technical Subjects 12mo, 1 00 

Goesel's Minerals and Metals: A Reference Book 16mo, mor. 3 00 

* Iles's Lead-smelting - 12mo, 2 50 

Johnson's Rapid Methods for the Chemical Analysis of Special Steels, 

Steel-making Alloys and Graphite Large 12mo, 3 00 

Keep's Cast Iron Svo, 2 50 

Mstcalf 's Steel. A Manual for Steel-users 12mo, 2 00 

Minet's Production of Aluminum and its Industrial Use. (Waldo.). . 12mo, 2 50 

* Palmer's Foundry Practice Large 12mo, 2 00 

* Price and Meade's Technical Analysis of Brass 12mo, 2 00 

* Ruer's Elements of Metallography. (Mathewson.) Svo, 3 00 

Smith's Materials of Machines 12mo, ' 1 00 

Tate and Stone's Foundry Practice 12mo, 2 00 

Thurston's Materials of Engineering. In Three Parts Svo, 8 00 

Part I. Non-metallic Materials of Engineering, see Civil Engineering, 
page 9. 

Part II. Iron and Steel Svo, 3 50 

Part III. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents Svo, 2 50 

Ulke's Modem Electrolytic Copper Refining Svo, 3 00 

West's American Foundry Practice 12mo, 2 50 

Moulders' Text Book 12mo. 2 50 



MINERALOGY. 

* Browning's Introduction to the Rarer Elements Svo, 

Brush's Manual of Determinative Mineralogy. (Penfield.) Svo, 

Butler's Pocket Hand-book of Minerals 16mo, mor. 

Chester's Catalogue of Minerals Svo, paper. 

Cloth, 

* Crane's Gold and Silver Svo, 

Dana's First Appendix to Dana's New "System of Mineralogy". .Large Svo, 
Dana's Second Appendix to Dana's New " System of Mineralogy." 

Large Svo, 

Manual of Mineralogy and Petrography 12mo, 

Minerals and How to Study Them 12mo, 

System of Mineralogy Large Svo, half leather, 

Text-book of Mineralogy Svo, 

Douglas's Untechnical Addresses on Technical Subjects 12mo, 

Eakle's Mineral Tables , Svo, 

* Eckel's Building Stones and Clays Svo, 

Goesel's Minerals and Metals : A Reference Book I6mo, mor. 

* Groth's The Optical Properties of Crystals. (Jackson.) Svo, 

Groth's Introduction to Chemical Crystallography (Marshall) 12mo, 

* Hayes's Handbook for Field Geologists 16mo, mor. 

Iddings's Igneous Rocks Svo, 

Rock Minerals Svo, 
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Johannsen's Determination of Rock-forming Minerals in Thin Sections. 8vo. 

With Thumb Index $5 UO 

* Martin's Laboratory Guide to Qualitative Analysis with the Blow- 

pipe 12mo, 00 

Merrill's Non-metallic Minerals: Their Occurrence and Uses 8vo, 4 00 

Stones for Building and Decoration 8vo, 5 00 

* Penfield's Notes on Determinative Mineralogy and Record of Miners*. Tests. 

8vo. paper, 50 
Tables of Minerals, Including the Use of Minerals and Statistics of 

Domestic Production 8vo, 1 00 

* Pirsson's Rocks and Rock Minerals 12mo, 2 50 

* Richards's Synopsis of Mineral Characters ,-. . 12mo, mdr. 1 25 

* Ries's Clays: Their Occurrence, Properties and Uses 8vo, 5 00 

* Ries and Leighton's History of the Clay-worldng industry of the United 

States 8vo. 2 60 

* Rowe's Practical Mineralogy Simplified 12mo. 1 25 

* Tillman's Text-book of Imr>ortant Minerals and Rocks 8yo. 2 00 

Washington's Manual of the Chemical Analysis of Rocks 8vo, 2 00 

MINING. 

* Beard's Mine Gases and Explosions Large 12mo. 3 00 

* Crane's Gold and Silver 8vo, 5 00 

* Index of Mining Engineering Literature 8vo. 4 00 

♦ 8vo, mor. 5 00 

* Ore Mining Methods 8vo, 3 00 

* Dana and Saunders's Rock Drilling 8vo, 4 00 

Douglas's Untechnical Addresses on Technical Subjects 12mo, 1 00 

Eissler's Modem High Explosives 8vo, . 4 00 

* Gilbert Wightman and Saunders's Subways and Tunnels of New York. 8vo. 4 00 

Goesel's Minerals and Metals: A Reference Book 16mo, mor. 3 00 

Ihlseng's Manual of Mining. 8vo, 6 00 

* Iles's Lead Smelting 12mo. 2 50 

* Peele's Compressed Air Plant 8vo, 3 50 

Riemer's Shaft Sinking Under Difficult Conditions. (Coming and Peele.)8vo, 3 00 

* Weaver's Military Explosives 8vo, 3 00 

Wilson's Hydraulic and Placer Mining. 2d edition, rewritten 12mo. 2 60 

Treatise on Practical and Theoretical Mine Ventilation 12mo, 1 25 

SANITARY SCIENCE. 

Association of State and National Food and Dairy Departments, Hartford 

Meeting, 1906 Svo, 3 00 

Jamestown Meeting, 1907 Svo, 3 00 

* Bashore's Outlines of Practical Sanitation 12mo, 1 25 

Sanitation of a Country House. .• 12nio, 1 00 

Sanitation of Recreation Camps and Parks 12mo. 1 00 

* Chapin's The Sources and Modes of Infection Large 12mo, 3 00 

Folwell's Sewerage. (Designing, Construction, and Maintenance.) Svo, 3 00 

Water-supply Engineering Svo, 4 00 

Fowler's Sewage Works Analyses •. • • • • • 12mo, 2 00 

Fuertes's Water-filtration Works 12mo, 2 50 

Water and Public Health 12mo, 1 50 

Gerhard's Guide to Sanitary Inspections 12mo, 1 50 

* Modem Baths and Bath Houses Svo, 3 00 

Sanitation of Public Buildings 12mo, 1 50 

♦ The Water Supply, Sewerage, and Plumbing of Modem City Buildings. 

Svo, 4 00 

Hazen's Clean Water and How to Get It Large 12mo. 1 50 

Filtration of Public Water-supplies Svo, 3 00 

* Kinnicutt, Winslow and Pratt's Sewage Disposal Svo, 3 00 

Leach's Inspection and Analysis of Food with Special Reference to State' 

Control Svo, 7 50 

Mason's Examination of Water. (Chemical and Bacteriological) 12mo, 1 25 

Water-supply. (Considered principally from a Sanitary Standpoint). 

Svd, 4 00 

* Mast's Light and the Behavior of Organisms Large 12mo, 2 50 
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* Merriman's Elements of Sanitary Engineering 8vo, 

Ogden's Sewer Construction 8vo, 

Sewer Design 12mo, 

* Ogden and Cleveland's Practical Methods of Sewage Disposal for Res- 

idences, Hotels and Institutions 8vo, 

Parsons's Disposal of Municipal Refuse , 8vo, 

Prescott and Winslow's Elements of Water Bacteriology, with Special Refer- 
ence t6 Sanitary Water Analysis 12mo, 

* Price's Handbook on Sanitation 12mo, 

Richards's Conservation by Sanitation 8vo, 

Cost of Cleanness 12mo, 

Cost of Food. A Study in Dietaries 12mo, 

Cost of Living as Modified by Sanitary Science 12mo, 

Cost of Shelter 12mo, 

Richards and Woodman's Air, Water, and Food from a Sanitary Stand- 
point 8vo, 

* Richey's Plumbers', Steam-fitters', and Tinners' Edition (Building 

Mechanics' Ready Reference Series) 16mo, mor. 

Rideal's Disinfection and the Preservation of Food 8vo, 

Soper's Air and Ventilation of Subways 12mo, 

Tumeaure and Russell's Public Water-supplies 8vo, 

Venable's Garbage Crematories in America 8vo, 

Method and Devices for Bacterial Treatment of Sewage 8vo, 

Ward and Whipple's Freshwater Biology. (In Press.) 

Whipple's Microscopy of Drinking-water 8vo, 

* Typhoid Fever Large 12mo, 

Value of Pure Water Large 12mo, 

Winslow's Systematic Relationship of the Coccaceae Large 12mo, 

MISCELLANEOUS. 

* Burt's Railway Station Service 12mo, 

* Chapin's How to Enamel 12mo, 

Emmons's Geological Guide-book of the Rocky Mountain Excursion of the 

International Congress of Geologists Large 8vo, 

Ferrel's Popular Treatise on the Winds 8vo, 

Fitzgerald's Boston Machinist 18mo, 

* Fritz, Autobiography of John Svo, 

Gannett's Statistical Abstract of the World 24mo, 

Haines's American Railway Management 12mo, 

Hanausek's The Microscopy of Technical Products. (Winton) Svo, 

Jacobs's Betterment Briefs. A Collection of Published Papers on Or- 
ganized Industrial Efficiency Svo, 

Metcalfe's Cost of Manufactures, and the Administration of Workshops.. Svo, 

* Parkhurst's Applied Methods of Scientific Management Svo, 

Putnam's Nautical Charts Svo, 

Ricketts's History of Rensselaer Polytechnic Institute 1S24-1894. 

Large 12mo, 

* Rotch and Palmer's Charts of the Atmosphere for Aeronauts and Aviators. 

Oblong 4to, 

Rotherham's Emphasised New Testament Large Svo, 

Rust's Ex-Meridian Altitude, Azimuth and Star-finding Tables Svo, 

Standage's Decoration of Wood, Glass, Metal, etc , 12mo, 

Westermaier's Compendium of General Botany. (Schneider) Svo, 

Winslow's Elements of Applied Microscopy 12mo, 

HEBREW AND CHALDEE TEXT-BOOKS. 

Gesenius's Hebrew and Chaldee Lexicon to the Old Testament Scriptures. 

(Tregelles.) Small 4to, half mor. 5 00 

Green's Elementary Hebrew Grammar 12mo, 1 25 
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